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THE CONSEQUENCES OF MYOPIA AS AN INDUSTRIAL DISEASE OF 
THE HKYES* 
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West London Postgraduate College 


HK outstanding feature of work in 
London is the immense amount of 

close eye work involved both in clerical 
positions and also in professional and 
technical work, such as that done by 
dentists, compositors, and 
skilled manual workers at the bench. It 
is a matter of common observation 


teachers, 


that continuous close work engenders 
fatigue, and that the liability of dam- 
age to the eyes is increased where there 
exist errors of refraction or of muscle 
balance. In some eases there occurs 
a breakdown in the ability of the work- 
er to continue his work, and this re- 
sults in a loss to the worker himself, to 


the oa — : 
‘he employer, and to the community. 


Bi the liability to breakdown there 
iS a lesser degree of crisis, one which 
YY {| y oi> . . 2 ; } , 

n ‘he worker less efficient in his job; 
hi linues at work, but the work done 


iclent as compared not only with 
standard under previous condi- 
' health, but also with the stand- 


paper was read at the Congress of the 
a ozical Society of the United Kingdom, 
> . . . = + >* 
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ard of other normal workers. Workers 
who have experienced either breakdowns 
or impairment in their ability desire to 
obtain a change of work if possible, even 
at some loss of earning power. Tor 
the most part, however, they return to 
work after an interval of rest, and, by 
reason of their physical disability, joim 
the group of inefficient workers who 
follow a ‘‘ca’ ecanny’’ policy. 

The economic loss and the suffering 
involved in these cases, and the unhap- 
piness which failure engenders in the 
mind of willing workers, are so great 
that we should attempt to prevent them. 
By suitable means persons likely to fall 
could be picked out before they made a 
choice of their life work, and their en- 
ergies could be diverted into more 
promising channels. 

In presenting evidence before the 
Committee on the Causes and Preven- 
tion of Blindness in 1920', I gave an ae- 
count of the causes of blindness in 925 


1Harman, N. B. The Causes and Prevention 
of Blindness, Based upon an Analysis of 4,288 
Cases Brit. Med. Jour... 1921, 2, 727. 
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private patients, and showed that the 
consequences of high myopia, over 10 D, 
accounted for 13.93 per cent. of blind- 
ness, thus occupying the second highest 
place among all causes of blindness, 
and the highest among irremediable 
causes. Very many of these patients 
had been engaged in clerical work dur- 
ing their working life. 

In order to determine whether my- 
opes engaged in continuous close work 
are exposed to any greater liability to 
breakdown or grave defeet of vision 
than are myopes not engaged in such 
work, I investigated the records of 
about 7,000 private patients. ‘These 
patients were trom all classes of life 
and from varied occupations. From 
these records there were picked out all 
the myopes of over 3D who were be- 
tween the ages ot 20 and 60 years. 
Cases of congenital detect, accident, or 
disease unconnected with myopia, and 
of monocular myopia were excluded. 
The total number of myopes thus eol- 
lected was 480—quite a sufficient vol- 
ume of material to allow reasonable 
inferences to be drawn. They were 
separated into two main sections: (1) 
habitual elose eye workers; and (2) 
those not thus engaged. In each section 
there was an age grouping in deeades, 
and also a grouping according to the 
erade of myopia—trom 3 to 0D, trom 
» to 10D, and over 10D. In eases of 
astigmatism the average otf the four 
meridians was taken as the degree of 
myopia. Note was made of the events 
of the patient’s working history; of the 
occurrence of indications of abnormal] 
stress in work; of breakdowns which 
entailed cessation of work, or change of 
work where that was possible, or a con- 


tinuance of the same work under modi- 


fied conditions; and, lastly, of direct 
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evidence of damage to the eyes. ‘he 


results thus obtained from the examina. 
tion of these patients and from {hp 


comparison of the two sections — {}, 


habitual close eye workers and _ {he 


other patients who were not close eye 
workers—are presented in Tables ] 








and 2. 
Ot the 480 myopes whose record 


~ 


were investigated, 38 per cent. were | 


TABLE 1.—GROUP COMPARISON OF PER 
SONS HABITUALLY ENGAGED IN LON] 
KYE WORK AND OF PERSONS NO’ 
GAGED 








. ; Break- | Damage ‘l'o 
Type of Patient) Number , 











downs to ives ¥ « 
Hlabitual close 
eye workers ..1S5 TO 2t 

100% 33.2% 10% 
Other workers ..297 T 21 

LOO% 24% T.06% 
Total % in 480 100% 16% LO% 
caved in habitual close eye work, and 


62 per cent. were other patients n 
cupied in continuous close eye 
The higher percentage of the 
vroup is accounted for by the tact 
it included a large number of ma! 
women, and also most of the ver) 
myopes who were prohibited fron 
ing close eye work. ‘The extent 0! 
ure amone the habitual clos 
workers as compared with the 
patients is remarkable. No les 
23 per cent. of the close eye W 
failed at some time during their « 
of these, 15 per cent. sustained 
nent damage through the loss of : 
and two persons lost the sight : 
eyes. Among the other patient 
ures were few, only a total of | 
cent.; but among these the great 
ber, 7 per cent. (these were ve! 
myopes), sustained damage t 








breakdowns and damage to the eyes 
the 
ade of myopia. 


was only one case of damage to 
eyes and no instance of breakdown 


TABLE 
NGAGED, 


four of these persons lost the 
‘ht of both eyes. 
second table shows that there 


; a gradual increase in the incidence 


increase 
In the group of pa- 
ts not engaged in close eye work 


COMPARISON 
GROUPED 


HABITUAL 
ACCORDING 





HARMAN—MYOPIA AS AN INDUSTRIAL DISEASE ote 


more numerous among the habitual 
close eye workers, but it will be noted 
that there was a higher rate of damaged 
eyes than of breakdowns among the 
other patients. This is accounted for 
by the fact that this section contained 
most of the very high myopes, who had 
been warned against doing close work, 
and many of whom had doubtlessly 
been saved by attention to this warn 


CLOSE EYE WORKERS AND OF PERSONS NOT 


AND TO GRADE OF MYOPIA 











) D, however, there were a number 


' of Myopia and 


reakdowns 


Damaged 


Number 
> 


| 
Breakdowns 


oe 8 8.66 80 6.6 2 6.8 


»to 10 —D 
workers : 


,Sen 86 689 8 6. 8 6 


8 @.8 @.0' 8 Oo 8: 6.8 


Totals for 
- aa Type and 
0-50 50-60 
t0-0 a Degree of 
Myopia 


J J J 

ei eklio | Sielée| Sigsisi-g 

Alizlalalaia | Allalmia 
l 11 Z ] {) z l 71 1 5 

>| = iw 1 116 1 

2 13 7 2 12 D > Ss] 10 Y 
l sped ] 1 26 ] l 11S > 4 

} ‘) } } S 2 | 3 g iM 

2 16 } 21 LO 63 } 16 
10 113 14 12 93 13 20 «480 “7 48 











among those with myopia 
Among the habitual 
workers with myopia of less 


than 5D. 


breakdown, and a 
damage 
breakdown 
increased rapidly for the close 
| 10 |) oft 


vroup that they were 


Kers with myopia, 


‘merous: but there were only a 
lures amone the other patients 
~ same devree ot myopia. 

] ™ 
ikdowns damaged 


croup, 


ine. Some ot them had such high de 
erees of myopia, however, that damage 
was almost inevitable. 

The character of the damage sus 
tained was as follows: detachment of 
the retina, 14 eases; degeneration of 
the macular region, 34; gross vitreous 
hemorrhages and the damage conse 
quent thereon, 5; rapid myopie cataract, 
a. It is noteworthy how much more 
serious 1s the risk of loss of central 
vision from degeneration of the macula 


in these mvyopes, than is the risk of de 


7 ! 


tachment of the retina. Happily, loss 


of the macula does not leave them in 
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THE JOURNAL OF 
snch a hopeless state as does detach- 
ment of the retina. Only six cases of 
total loss of vision in both eyes were 
recorded; but in many other cases with 
the total 
eye, there was also a considerable dimi- 
nution of the vision of the other eye 
the macular 
degeneration. 


loss of central vision of one 


from same condition otf 

The work done by some of the habitu- 
al close eye workers was sometimes of 
an incredible nature. One person with 
17 D of myopia was engaged as a print- 
ers’ prootreader and corrected statis- 
tical tabular matter all day long; an- 
other with 12 D was a miniature paint- 
er; and yet another with 10D was a 
dental mechanic. Some of the close eye 


workers had made a change of work on 


their own account: two lawyers forsook 
their clients, one to become a farmer, 
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the other to become a cinema contro}. 
ler; the miniature painter took over the 
management of a depot; and the me 
chanical dentist became a shop assist. 
ant. The prootreader, however, pre. 
ferred to continue and take the risk 
The lesson of these figures is plaiy 
enough. No matter what view we may 
hold of the causes of myopia, it is ce 
tain that the risks of myopia are heay) 
est with the patients whose occupations 
entail habitual close eye work. The lia 
bility of damage to one or both eyes 
in close work is so great that we are 
in duty bound to prevent young people, 
who are affected by myopia of more 
than the lesser grades, from entering 
work of this kind; otherwise, a high 


< 





percentage of them may sustain partial 
blindness. 








AND THE PALMER WATER 


SHE COMPARATIVE EFFICIENCY OF THE CIRCULAR KONIMETER 
SPRAY APPARATUS 


FOR THE 


DETERMINATION OF THE DUST CONTENT OF THE AIR* 


(C.-K. A. Winstow, Dr.P.H., anp Roperr JORDAN 


Department of Public Health, Yale School of Medicine 


| N'PRODUCTLON 


A SIDE from the Palmer water spray 
AP impling apparatus (1), the two 
her devices in general use in the 
i'nited States for the determination of 
e dust content of air have been the 
var-filter method and the Hull dust 
The latter method collected 
only the very large particles, and the 


counter. 


former was difficult to use with aceu- 
racy, so that the Palmer apparatus was 
recommended for general use in 1917 by 
the Committee of the American Publi 
Health Association on Standard Meth- 
ods for the Examination of Air (2), and 
has been extensively utilized by many 
observers since that date. 

During the last few years notable im- 
provements have been made in the sugar 
liter (3) (4), chiefly by the use of a con- 
tainer holding a much larger volume of 
‘he filtering medium. Meanwhile, also, 
the experts of the Miners’ Phthisis Pre- 
ntion Committee of South Africa (5) 

e introduced a new device, the koni- 


er, Which is an impingement method 
that of Hill, but immensely superior, 
ise it involves the use of an air cur 
of sufficient velocity to secure the 
tion of the fine particles of dust 
are not held back by the dust 
er. 
lew of these recent advances, it 
important that the whole question 





d on a thesis presented by the junior au 


partial fulfilment of the requirements for 
cate in Public Health of Yale Univer 
ceived for publication Aug. 5, 1922. 







of atmospheric dust analysis should be 
reconsidered, and a careful comparison 
made of the efficiency of the several de- 
vices now available. 


AppARATUS USED IN THE PRESENT 
INVESTIGATION 


The investigation here reported 1in- 
study of the 
Palmer water spray apparatus and a 


volves a comparative 
South African konimeter of the new cir- 
cular type. The Palmer apparatus was 
of the usual design now so familiar that 
it requires no comment. The konimeter 
was of the type described by Katz and 
Trostel (4), and was constructed by 
A. F. H. Devers, an instrument maker of 
Johannesburg. 

Measurements of the area of the im- 
pinging orifice were made with a mi- 
crometer microscope. From the average 
of nine readings of the diameter the area 
was calculated to be 0.271 sq. mm. The 
average of nine observations of the di- 
ameter of the piston was 1.767 em. By 
means of a needle pointer attached to 
the bottom of the piston, and a milli- 
meter seale the actual travel of the pis- 
Krom the 
diameter of the piston, given above, and 


ton was found to be 3.82 em. 


the length of the stroke the volume of 
the cylinder Was ealculated to he Q 44 C.C. 

According to the South African inves- 
tigators the speed of the stroke should 
be sufficient to produce at the impinging 
nozzle an air velocity of 30 to 80 m. per 
second. Since the efficiency of this ma 
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chine depends on the velocity of the im- 
pinging jet, considerable attention was 
paid to this detail. The principle out- 
lined in Appendix No. 3 of the Final Re- 
port of the Miners’ Phthisis Prevention 
Committee of South Africa (5) was 
adopted. <A strip of carbonized paper 
was fixed in a holder attached to the 
base of the piston. Resting against 
this paper was a pointer attached to a 
tuning fork making 100 vibrations per 
second. When the fork was caused to 
vibrate and the piston was released, a 
eurve was produced on the smoked 
paper. ‘The number of complete vibra 
tions here indicated was equal to the 
time in hundredths of a second taken for 
the complete travel of the piston. ‘The 
leneth of time required was found in this 
manner to be 0.70 seconds. ‘This gives 
at the impinging orifice a velocity of 49 
m. per second.’ 

After the caleulated velocity and vol- 
ume of the instrument had thus been ob- 
tained, it seemed best to cheek the vol- 
ume by actual measurements. A small 
brass tube was screwed on the outer end 
of the impinging orifice; over this joint 
a small section of rubber tubing was 
fitted and the ends were made tight with 
sealing wax. ‘The lower ends ot two 
10 ¢.e. pipettes were connected with rub- 
ber tubing and the upper end of one 
joined to a glass stopeock and then to 
the tube fixed on the konimeter. Suff- 
jent water was placed in the apparatus 
to fill the open pipette and the eonnect 
ing tubing. Pressure tubing was used 
and the top of the closed pipette was 
kept moist. That no leakage oeeurred 
eould be shown by raising the water 
level in the closed pipette above that in 


‘A new spring was obtained and tested in an ef- 
fort to incrense the velocity, but owing to the un 


even rate of travel that it produced, it had to be 


the open pipette, closing the stopcock 
and observing the level for half an hour 
The fact that the water level remained 
stationary during this interval indicated 
that the joint was air-tight. 

After the konimeter had been set, the 
apparatus was connected and the open 
pipette adjusted so that the water jy 
both tubes was brought to the same 
level. This level was noted. The kon: 
meter piston was then released, and th, 
water was permitted to rise in the closed 
arm of the U-tube. During motion the 
surface of this column was slightly con 
vex. it was found that at the end of 
the stroke, when the pressure below the 
yiston approximated that above it, leak 
age occurred around the piston packing, 
and the water level in the closed pipette 
could not be maintained till a leveli 
and reading eould be made. The use 
of the stopeock removed this source ot 
trouble. At the end of the stroke, at 
the instant that the raised center of the 
column began to drop, connection be 
tween the konimeter and the pipette was , 
cut off by means of the stopcock. The 
open tube was then raised till the co! 
umns of water were again level, and the 
meniseus of the closed tube was read 
again. The difference between this read 
ing and the first one gave the volum: 
air aspirated by the konimeter. Ii th 
piston was kept clean and lubric: 
with a slight amount of powdered grap! 
ite, little variation was observed. 
average volume of air removed was 
e.c., or 99.15 per cent. of the ealeui: 
volume 

When dust samples were tak 
places where the air was exceed 
dusty, it was found advisable to 1 
the amount of air sampled. In th 
ner the intensity of the dust sp 


kept at such a value that the count 








made with a tair degree ot ease. In 
ler to accomplish this it was only nec- 
sary to reduce the travel of the piston, 
| for this purpose several small trape- 
ds of sheet brass were made. ‘They 
re of such sizes that, when placed in 
line of the piston travel, they would 
down the volume of the air sampled 
approximately one-fourth, one-third, 
half, and two-thirds of the total vol- 
of the cylinder. The volume of air 
mpled was carefully determined with 
stops in place and was found to be 
.e.e., 3.13 @.e., 4.938 ¢.c., and 6.46 c.c., 


1 ye etively. 
\MetrHODS OF SAMPLING 


he bottles used for the Palmer sam- 
were Erlenmeyer flasks. They were 
ipulously cleaned in the laboratory 
slightly more than 100 e.e. of dis- 
ed water placed in each. Heavy caps 
wrapping paper were fastened over 
rubber stoppers with rubber bands. 
Qn arrival at the place where the sam- 
s were to be taken the apparatus was 
up and connected with an electric 
t socket. About 40 ¢.c. of water were 
placed in the bulb. If the sampling 
not started immediately the intake 
s protected by a small box cover. The 
iometer was leveled by means of the 
ched spirit level. After running for 
‘inite length of time, usually twenty 
irty minutes, the water was drawn 
clean flask, the bulb rinsed two or 
times, and the washings added to 
mple. The bottles were then re 

d and brought to the laboratory. 
cireular glass of the konimeter, 
being washed, was. earefulls 
d with lens paper and was then 
red with a thin laver of white vase 
means of a glass rod. The vase 


prepared for medicinal purposes 
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was found quite free from dust, and the 
small tubes in which it may be pur- 
chased are convenient to use. ‘he slide, 
after being vaselined, was examined un- 
der the microscope to make certain that 
it was free from dust. It was then 
placed in the konimeter and the face 
plate screwed on. While we were in the 
places where samples were taken, it was 
kept in a small carrying case, except for 
the few seconds necessary to set and re 
lease the plunger and to turn a new sur- 
face in place before the orifice, by means 
of the serew provided for that purpose. 
A sample was taken at the moment that 
the Palmer apparatus was started, and 
every five minutes thereafter through- 
out the time of Palmer sampling. The 
only exception to this was in Series D, 
where the extreme conditions made it 
impracticable to run the Palmer appara- 
tus over eight minutes, and here koni- 
meter samples were taken at corre- 
spondingly shorter imtervals. Also in 
Series D, which consists of very high 
counts, one of the stops previously men- 
tioned was used in all samples. 


GENERAL RESULTS 
In all, thirty-five Palmer air samples 


were studied in the present investiga 
tion, distributed as follows: 


Series A.—Knife-handle grinding and pol 
ishing shop (coeca-bola wood mainly) ... 9 
Serves B.—Plier erindinge shon. aaa 
Series C, (Juiet air in unused laboratory '. 
Series D.—Sand-blastine room......... 10) 


The general results are indicated in 
Table 1. It is evident that the konimet- 
er gives far higher results than the 
In Series A (wood 


dust) the ratio of the 


Palmer apparatus. 
konimeter connt 
oO the Palms reonnt varied for madi: idu- 


ai samples from 4.8 to 9.8, and averaged 
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7.3; in Series B (metallic dust) it varied 
from 18.2 to 33.8, and averaged 23.4; in 
Series C (normal air) it varied from 7.0 
to 58.0, and averaged 19.5; in Series D 
(heavy silicious dust) it varied from 1.7 
to 7.5, and averaged 2.8. 

TABLE 1.—-COMPARATIVE DUST COUNTS 


OBTAINED WITH KONIMETER AND PALM 
ER APPARATUS 


particles involved. In Series A and § 
ries D, which showed average ratios w 
der 8, over fifteen particles in 1,000 o| 
the dust were over 10 microns in diam. 
eter. In Series B and C, in which th, 
konimeter-Palmer ratio was from 19 to 





TABLE 2.—RATIO OF KONIMETER TO PAL\ 
ER COUNT FOR PARTICLES OF DIFFER 
ENT SIZES 











Particles per Cubie Foot 


Series Palmer 

Konimeter Apparatus 

Series A Minimum SO2,000 110,900 
Average ? 054,500 281,000 
Maximum 3.377.000 470,000 

Series B Minimum 3.059, 000 101,500 
Average 4,882,500 208,000 
Maximum 9 410.000 343.900 

Series © Minimum "70.500 25, S00 
Average TH 000 37.000 

Maximum 1.660,000 D4 .200 

Series D Minimum 6,660,000 2,130,000 
Average 10,676,000 14,394,000 
Maximum 91,500,000 38,650,000 








RELATIVE KFFICIENCY OF THE T'wo Pro- 
CEDURES WITH REFERENCE TO Par- 
TICLES OF DIFFERENT SIZES 


In Table 2 are presented data for the 
konimeter-Palmer ratio, with distinction 
in regard to the size of the particles 
counted. It appears that with the parti- 
cles of a diameter over 10 microns the 
konimeter is from two to three times as 
efficient as the Palmer apparatus (with 
the heavy dust of Series D it gave a low- 
er count than the Palmer). I*or the par- 
ticles less than 10 microns in diameter, 
on the other hand, the konimeter is far 
more efficient, showing a count from ten 
to twenty times higher than the Palmer 
count, except in the case of the sand- 
blast dust where the two methods were 
more nearly alike. 

It seems clear that the ratio between 
the konimeter and the Palmer count is 
primarily conditioned by the size of the 





Ratio for Particles 


Series Type of Under 10; Over 10 All Par 
Dust Microns | Microns ticles 
A wood S.9 2.1 7.3 
B metallic 24.1 3.8 23.4 
© normal room 20.0 3.0 19.5 
I) heavy silicious 2.9 0.9 2.8 








23, less than five particles in 1,000 of the 
dust particles were over 10 microns in 
cGlameter. 

Since it is the particles under 10 mi 
erons in diameter which are otf major 
sanitary significance, the superiority of 
the konimeter seems to be reasonably 
clear. 


SAMPLING HRRoR INVOLVED IN THE USE 
OF THE KONIMETER 


The tact that the konimeter takes a 
so-called ‘‘instantaneous grab sample”’ 
obviously offers considerable possibil 
ties of error in its use. It has already 
been pointed out that im the presen 
study each konimeter count used tor 
comparison with a Palmer count was 
based on the average of three to sev: 
individual konimeter fields, a konimet 
sample being usually collected every f 
minutes during the period of the Paln 
sampling. Of 198 individual konime' 
samples but four showed a deviatio! 
over 100 per cent. from the average 
the sampling group to which they 
longed, and but forty-two showed a 
viation of over 50 per cent. When 
consider the average deviation [0! 




























croup of konimeter samples taken dur- 
ing a single Palmer sampling procedure 
we obtain the following results: 


3 group samples had an average devia- 


SN a 054 kes 8s HEE 0-19% 

21 group samples had an average devia- 
eS SS ee eee ee 20-39% 

9 group samples had an average devia- 
SE Mle fice 5 <4 60 os wee Re ee KOR 40-59 % 

1 group sample had an average devia- 
a rare are 60-79% 

0 group sample had an average devia- 
res er re 80-99% 

1 group sample had an average - devia- 
NN ee es a ae L00O-119% 


On the average, therefore, even a sin- 
cle konimeter sample will generally give 
a result within 60 per cent. of the aver- 
age of a series of such samples collected 
at the same place and at approximately 
the same time. It would be well, in prac- 
tice, to take three konimeter samples at 
a given point at intervals of five min- 
utes, a procedure which would yield en- 
tirely representative results with far 
less labor than that involved in the col- 
lection of a single Palmer sample. 


SUMMARY AND CONCLUSIONS 
l. It appears from this study that 


the cireular konimeter gives dust counts 
from two to twenty times as high as 
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those obtained with the Palmer appara- 
tus. 

2. The finer the dust, the greater is 
the excess of the konimeter count over 
the Palmer count, a fact which weighs 
heavily in favor of the konimeter, since 
it is the fine particles which are of chief 
sanitary significance. 

3. Sampling errors due to the small 
volume of air collected by the konimeter 
do not appear to be serious. ‘They can 
be reduced to a negligible value by tak- 
ing three konimeter samples at a given 
point at intervals of five minutes. 

4. The konimeter is altogether su- 
perior to the Palmer apparatus in re- 
gard to portability and to economy of 
time and labor in sampling and counting. 

). It is evident that the whole prob- 
lem of standard methods for determin- 
ing atmospheric dust should be reconsid- 
ered. Before the konimeter or any other 
device can be substituted for the Palmer 
apparatus extensive examinations must 
be made of air from various types of in- 
dustrial establishments, since the stand- 
ards now in use in this country are 
based on the Palmer method and must 
be fundamentally revised before prac- 
tical conclusions can be drawn from the 
use of any other procedure. 
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THE ROLE OF SYPHILIS IN 
ANALYSIS OF 291 PHYSICAL SURVEYS* 





INDUSTRIAL DISABLEMENT: 


Pact Hpmunps, M.D. 


Industrial Surgery, University Hospital, Baltimore, Md. 


Hi physical surveys which are re- 

ported in this article were made for 
several reasons. A great many of them 
were requested by the relief department 
of a Baltimore company beeause of un- 
satistactory diagnosis, especially in cases 
characterized by delayed convalescence 
and prolonged disability. Others were 
requested by the claim and legal depart- 
ments in order to determine the extent 
and character of disablement, if any, 
of The 
positive syphilitie findings 


was so great that our attention was at- 


for the 


purpose settlement. 


number ot 


tracted to this condition as one playing 

an important part in, and frequently 

the entire cause of the disablement. 

The diagnosis of syphilis was based 
the physieal findings, blood 

spinal finid Wassermann test. 


on and 


In the 
Wassermann test used two methods and 
two antigens were employed: ice box 
and water bath methods; and cholester- 
ine and aleoholie antigens. I realize 
that certain exceptions may be taken to 
the accuracy of the Wassermann reac- 
Until 


sible Crror has been developed, however, 


tion some method without 


PpOs- 


we must necessarily accept the Wasser 


mann test as performed by an experl- 


enced 


and well equipped laboratory as 


100 per cent. aeeurate. Whatever error 


TES] has. will he OT) the positive side, 


scmeone may receive unnecessary 


rreatmelt When rie eonsiders the dire 


’ 
results 


Prom failure oft early recognition 


from insufficieney of treatment, one 


Aung. 10, 


1922. 


3f 


eannot but conclude that the minute 
degree of inaccuracy (less than 1 per 
cent.) may be ignored for the sake of 
the greatest good to the greatest num- 
her. 





SUMMARY OF CASES 


There were 291 surveys made. The 
blood was examined for syphilis in 
of which 


epede) 


cases, IS/ gave negative re 
sults, and 3805 positive results. In 69 
cases early in the series, we did not 
make a Wassermann test as we did not 
then think that it was indieated. Had 
we done so, I believe that the total num 
ber of positive cases would have been 
larger. Of the total number of patients 

that is, 291—we found that 12- 
eent. had syphilis. 


per 
Of those eases in 
which the Wassermann test was made 

namely, 222—15-— per cent. gave pos! 
tive results. In the 35 eases of syphilis 
positive blood Wasser 
manns, and 3 negative ‘with positivs 
spinal fluid. 


we found 32 
There were 14 posi! 
spinal fiuids, and 2 negative; in 19 ea 
the spinal finid was not obtained. 
[1 eases both blood and_ spinal 
were positive. ‘T’welve patients 
Ninet 


cerebrospinal syphilis; 


a definite history of syphilis. 
had 
this 


{o do with the operation of tran 


definite 
number. 14 were trainmen or 


were engineers: 1. a conductor; 4, bra 


men; 2, firemen; and 1, a teleg! 
operator. Five other trainmen 
chronie syphilis. Of the 30 pal 


0 





































‘ith syphilis, 15 are now permanently 
disabled; 15 are temporarily disabled; 
nd 4 are dead. 
The total amount of time which was 
lost by these thirty-five employees up 
May 1, 1921, was 15,946 days; the 
irgest number of days lost by one per- 
was 2,008, the smallest, 30, makine 
average 410. The cost to the relief 
partment for the same period was 


npensation, $25,415, making a total 
ot $50,711.10. 
While we are not in a position to say 
it syphilis was the sole cause of dis- 
ement in all these cases, we can say 
where other conditions were com- 
cated by syphilis the original disable- 
nt was prolonged directly by the 
ease, and without exception the prob- 
in each case was to treat the syphilis 
a primary means toward terminating 
disablement. ‘There were nine eases 
ujury in the list; the remainder 
medical conditions, and of this 
ip twenty-one were cases of definite 
utal disturbances. 
‘here are several interesting and im- 
lant questions arising out of a study 
his sort. For instance, what meas- 
can we take to help ‘those already 
abled; to prevent a continuance of 
is condition among employees; to 
ird the safety of the traveling public; 
| to protect the company property? 
re are three viewpoints from which 





problem may be approached: that of 
individual; that of the community 
the employer; and that of the con- 
ant physician. The individual will 


rally ask: ‘‘If I have syphilis, why 







Ud there be any delay in making a 


TnOSsIS 4 


Can I be cured? If an early 
nosis had been made, would it have 
any bearing on the final result of 


treatment? Am I a source of danger 
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through contagion to my family or to 
the publie?”’ 

The viewpoints of the public and of 
the employer are the same, and have to 
do with the conservation of life, health, 
and property. ‘The logical questions 
are again: What is the possibility of 
contagion? What effect does the dis- 
ease have upon the capacity of the men 
as railroad employees? Did any of the 
workers have syphilis at the time of 
employment? Can syphilis be detected 
by the ordinary physical examination 
for employment? Is there any way of 
making an early diagnosis in persons 
acquiring the disease after the entrance 
examination? Can they be cured? 

The medical viewpoint includes all of 
the foregoing problems with the addi- 
tional problems of determining when 
patients cease to be contagious; when 
they are safe as trainmen; by what 
standards their fitness can be deter- 
mined; in what way their entrance into 
the service can be prevented; how those 
acquiring the disease after entrance can 
be discovered; and how efficient treat- 
ment can be given those who are unable 
to pay for it. 

In the following I shall attempt to 
answer these questions, though not 
eategorically. The delay in making an 
early diagnosis of syphilis is due to 
laxity or insufficient observation on the 
part of the medical adviser. I believe 
that for the most part the failure is 
due to hurried and careless examina- 
tions. Most of these syphilitic cases 
are entirely under the care of the family 
physician. He passes on his diagnosis 
to the medical examiner, who accepts 
it without further inquiry, and the re- 
sult is that the patient loses his only 
hope of cure. It must be remembered 
that in the vast majority of cases the 


medieal examiner has no alternative but 
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to accept the diagnosis given, as he has 
no ethical reason for investigation until 
the disability has extended beyond a 
reasonable time. Then, in the interest 
of the relhef department, as a mutual 
insuring agency, he is entitled to ask 
for further search for the cause of dis- 
ablement. In trainmen, however, the 
danger to the life and property of the 
community demands that every case of 
suspicious illness—such as lapse of 
memory, failing vision, continued dizzi- 
ness, erratic conduct, uncontrolled tem- 
per, and especially cases of employees 
who possess ideas of grandeur, and are 
prone to boast of their ability and pos- 
sessions — should be investigated mi- 
nutely, and syphilis should be borne in 
mind as a possible cause. Little credence 
should be given to the absence of posi- 
tive history. All trainmen who have 
been diseiplined tor disobedience of or- 
ders in handling trains should not be 
permitted to return to work until a eom- 
plete medical examination has beet 
made. All cases of disablement of more 
than thirty days’ duration, unless tae 
diagnosis covering the condition is ob- 
viously correct, should be referred for 
a more complete examination.  Cer- 
tainly, disablement should not be per- 
mitted to continue indefinitely without 
a well-directed effort to arrive at a diag- 
nosis, and thus prevent unnecessary 
aud oftentimes fatal delay in instituting 
proper treatment. 

Stokes and Brehmer, from the im- 
mense material of the Mayo Clinic, have 


] 


reported in tus Journau' a study of 
syphilis which has a direct bearing 
upon this discussion. They reviewed the 
reneral medical examinations of 1,763 
patients, and found syphilis, obvious 


enough to be detected without labora- 


‘Stokes, J. H., and Brehmer, H. E.: Syphilis in 
Railroad Employees. Tuts Jour., 1919-1920, 7, 419. 
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tory tests, in 3.1 per cent.; 4.2 per cent. 
of the men had the disease, and 2.6 per 
cent. of the women. ‘The lowness of 
these figures coming from a_ well. 
equipped clinic emphasizes the weak- 
ness of clinical judgment alone, in the 
recognition of this disease, as compared 
with the diagnoses based upon the 
Wassermann test. Of the positive diag- 
noses, 58.7 were contributed by labora- 
tory procedures. Of the railroad 
employees examined 11.7 per cent. had 
syphilis. The disease was eight times 
as frequent in them as in farmers (1.5 
per cent.) ; three times as frequent as in 
business men (3.8 per cent); and twice 
as frequent as in laborers (6.1 per 
eent.). The doubtful value of the his- 
tory of infection in the recognition of 
these cases is shown by the fact that 
24 per cent. had no history of infection 
other than gonorrhea. 

The only hope that we have of curing 
these patients lies in the early recog- 
nition and vigorous treatment of the 
infection. The sufficiency of treatment 
is to be determined by the blood and 
spinal fluid reaction, and no one should 
be discharged as cured until a negative 
Wassermann on the spinal fluid has 
been obtained. It must be recalled, 
however, that while the early syphilitic 
infection is general, there is a tendency 
for the spirochetal cause to localize 1 
self in certain tissues, as in the aorta, 
but more especially in the central ne! 
vous system. When the central nervo 
svstem has been entered and chang 
in the tissues have resulted, as 
denced by a positive Wassermann re 
tion and cellular change in the sp 
fluid, we have little to offer in the 
of curative treatment and must be 
isfied with the arrest of progress of 
disease. 


Contagion.—All eases of acute 8} 
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» those in which there are 


; should be handled as contagious. 










AND INDUSTRIAL 


the central 
eonsidered 


active nervous 


. later stages of the disease, as in’ should not be 
notor ataxia and general paresis, 
is little danger of contagion. cured. ‘They are 
. patients are suffering not somuch because of the liabil 


TOM NGE Con ORIGINAL DIAGNOSIS ‘ee FINAL DIAGNOSIS OISABLEMENT Time COST WORKING HISTORY 


HEMIPLECIA 


22 S UNUNITED FRACTURE 
ao7iFeeman 31 WUNCONSCIOUSNESS ACUTE 
mt 60M CHRONIC SYPHILIS 

ENG 49M INFLUENZA 
i177 Watcuman 42 M UNCONSCIOUSNESS ACUTE 
4s2ENG 46M DIAG. MENTAL CONDITION 
BRKMAN 44M FOR DIAGNOSIS 
970TEL opr. 33 MLOSS OF MEMORY 
1368 BLKSMITH 283M MENTAL CONDITION 
(403| BRKMAN 38 S AMP OF LEG DISABLED 
404 Lasorner 36 MBURN OF LEG UNHEALED 
i48ENc 43MTABES DORSALIS 
498 BRKMAN 48S AMP OF LEG 
41 Fireman 37M COLITIS 
4490 BRKMAN 51M TABES DORSALIS. ANEURISM 
58;|Cooxk 48M RHEUMATISM 
ge0\ENc 44 MTABES DORSALIS 
949)| ENG. 


50M SYPHILIS 
636iConouctor 46 M NEURAS THENIA 


663\BRKMAN 39M OPTIC NEURITIS 
vs FIREMAN 25 M DIAGNOSIS 
412\BrxMan 32M INFLUENZA 
i3\Fireman GOMINJURY TO KNEE 
1318\BRKMAN 37M UNUNITED FRACTURE 
268|MACHINIST SACRO-ILIAC DISEASE 
BRKMAN CONTUSION OF LEC 
985) ENG. 
ISSOILABORER 33 MRHEUMATISM 
128\BRKMAN 47M T.B.SINUS OF STERNUM 
BSGHOSTLER 45M MYALCIA 
850Brxeman 30WF RACTURE OF RIBS 
931 ‘LABORER 44M CONTUSION OF KNEE 
1124MaAcHNST 38. INFLUENZA 


kia. 1.—Tabulation of 
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1 syphilis on the 


philis as 


ord, last, but by no means 
sSyphilitics Safe as Trainmen? of the ideas of grandeur 
uliti¢s should be considered »» ize certain cerebrospi 


unsate as workers until 


tment has been 


eress toward recovery 
owed. It is my firm conviction 
philities with an 





39 M CONTUSIONS DELAYED RECOVERY ros 


destructive 


brain and the 


instituted 


Invasion of erviee bv the Division Sun 


pesres AigTithahe HYPERTENSION-SYPHILIS + 
PosPisSGENERAL PARESIS w 
res SYPHILIS 

WEG Pos CEREBRO-SPINAL SYPHILIS 
POSNEG ” ” 

POS WEG ” , ” 

POS POS ” ” 

POS POS 9 ” 

POS POS ” ” 

POS POS ” ” 

PoSPOS »? ” 

POS POS ” ” 

Pos CHRONIC SYPHILIS 

ps TABES DORSALIS A 
posts GENERAL PARESIS a 
rps CHRONIC SYPHILIS 

ps TABES DORSALIS ANEURISM “~ 
eps ATAXIC PARAPLEGIA ~ 
ps GENERAL PARESIS 

es TABES DORSALIS 

wecreos GENERAL PARESIS + 
uecpos CEREBRO-SPINAL SYPHILIS + 
possess GENERAL PARESIS # 
ps CHRONIC SYPHILIS A 
ps CHRONIC SYPHILIS 

ns CHRONIC SYPHILIS b 
ns SYPHUITIC OSTEITIS 

cs SYPHILITIC PERIOSTITIS 
CHRONIC SYPHILIS 

pospos CHRONIC SYPHILIS 

es GUMMA, CHRONIC SYPHILIS « 
ps CHRONIC SYPHILIS 

es CHRONIC SYPHILIS 

ps SYPHUITIC OSTEITIS 

ps CHRONIC ra lida 


unsafe as 
permitted to 
trains until it is proved that they are 
unsate 


DISABLEMENT 383 ar | 
hs a 


should be 
trainmen sand ) 
operate 


svstem 








ity of sudden at- 





TIAL DAYS COMPANY SYPuILIS i 
463 "98375 NO NO ti 
344 2100 NO NO 

5500” NO YES 

&@ #25 20° NOYES 
Kr) NO YES 
232 580” NO NO Y 
2003 2445" NO NO 
206 225°>NO NO 
61 177° NOYES 

+365 17° NO NO 

# 599 916°° NOYES 

* 116 273° NO NO 

4 75 942" NOYES 
251796 NO NO 
762 773* NO YES 

- 114 243° N0 NO 
131 1480°° NO YES 
76 750 NO NO 

£ 260. 550° NO NO 

* 97 374 NO NO 
502 2276* NO NO 
199952294" NO NO 
957 779 NOYES 
76195 NO NO 

* 199 505” NONO 
5001749," NONO 

- 534 87° NONO 

* 89 ja3~° NO NO 

* 359 881°* NONO 

F 19 232°° NOYES 
292995 NO NO 

- 82 225°NO YES 

wv 7/ 108° NO YES 

¥ 591 473° NO NO 

¥ 75 942° NONO 





COST To CLAIM DEPT. 4) 5. 415,00 vora eee it PosiTive 


cost TO RELIEF a 2529610 
TOTAL® 507111 0 





findings in thirty-five 


eases of 


tacks ot uneconselousn 


memory, ot 


The 


port S are 


following’ extra 


i“ 
oft i £..+ 
} . } : 
and cited OV way 


CALC 


Jo, Married, was report 


defective 


23 NEGATIVE 


s\ philis 


wfaleP QO] 


uneertall 
apd 


hbeeause 


judement 
the least, 
that character- 
al CaSse@S, 

ets 


from case re 


ot illustration. 


} 
yr ye rator. ave 


istaetory 


rintendent. whoa 








as tralnmen ) 















ee 


res: pa ee ~~ 














o84 


THE JOURNAL OF 


stated that he forgot to deliver mail and hag- 
and could not copy a Western Union 
message correctly. The superintendent was 
afraid that the man would fail to deliver a 
train order. A diagnosis of general paresis 
was made on the basis of positive blood an: 
spinal iluid reactions. 

Cass 2 (1094).—A_ brakeman, 
married, was subjeet to 
peculiar spells, 


vage 


aged 44 
hallucinations and 
A diagnosis of cerebrospinal 
syphilis was made; the blood and spinal fluid 
(1452).—An_ engineer, 
married, was reported by a 


were positive 

Case 3 aged 46, 
fellow-engineer 
The case 
was diagnosed as eerebrospinal syphilis; the 
blood and spinal fluid were positive. 

CaAsE 4 (1267).—A aged 31, a 
widower, became uneonseious in 
the cab of fell to the floor, 
where he remained for two hours. Upon his 
recovery he had no the attack. 
A diagnosis of syphilis was 
made; the blood was negative, the spinal fluid 
positive, 

CAse 5.—J. S., a brakeman, aged 35, mar- 
ried, entered the hospital with the history of 
having fallen from a slowly moving train; 
the cause of his fall was unknown. He had 
a few superficial seratches. His eonduetor 
stated that he had reported him several 
times for inattention. forgetfulness, and gen- 
Ile sent him to 
bring nine cars from a siding, and he brought 
out eE1g@nteen, 


because of his peeuliar actions. 


fireman, 
suddenly 
an engine and 


memory otf 


cerebrospinal 


eral unsatisfaetory service. 


When questioned, the brake- 
Ile had a 
rave a history ot infeetion 
1921. He no treat- 
The blood reaetion was 100 per cent 


man said that he had only nine. 
penile scar, anvl | 
ltl August. had reeelved 
ment, 

DOSITLN 


CASE 6.—An 


Se] agvainst 


engineer ran past a signa! 
him and a rear-end eollision with 
another freight train resulted. 
and ‘ireman were killed. 
tablets wus 
and 


treated for syphilis. 


The engineer 
A bottle of mereury 
found in the engimeer’s pocket, 
proved that he being 


investii¢ation was 


While defeetive memory may lead to 


serious loss ot lite or property, it Is 


not nearly so dangerous from the rail- 


road point of view as the condition 
generally known as ‘‘idea of grandeur,”’ 


where the person is convineed of his 


superior intelleet and his freedom from 
the 


usual restraining customs and or 
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ders of his life and occupation. (& 
engineer with syphilis (ineluded in {hjs 
series) had a boiler explosion; perhaps 
he reasoned that water in the boiler was 
necessary for other engineers but no} 
for him. Another engineer with syp 
lis, with a previous good record, passed 
a danger signal, thereby wrecking 
trains. Perhaps he thought that 
signals were all right for the average 
engineer but not for him. These exam. 
ples show that all trainmen with syphi 
lis are dangerous to themselves, t 
public, and to the company; and 
trainmen who are questioned a 
their failure to comply with rules 

ing to do with the safety of tr 
should have a medical examinatio: 
fore they are permitted to resume | 
duties. 

Syphilis at Time of Employment 
was shown by Stokes and Brehmer 1 
26 per cent. of the patients with syphilis 
contracted the disease between the ages 
of 17 and 20 years; 32 per cent., between 
20 and 25; and nearly 60 per cent. pre. 
vious to 25 years of age. It mu 
concluded, therefore, that a large 
ber were syphilitic at the time o 
ployment. It is quite obvious that | 
with regard to time of infection couid 
not be obtained from industrial so 
series which I hav 
ported, vet I feel that the experi 


Stokes and Brehmer so accords W 


this 


such as 


own private experience that the! 
ures can be accepted as apply! 
railroad men. 

Can Syphilis bi 
Physical 
Mxeept in 


De Le che d by 


wary Examination Jol 


ployment? very Q 
eases detection of the disease 1s 
sible. By a slight modification 
routine examination, however, th: 
ean be su 


er of ceases detected 


tially inereased. 











[In the cases where syphilis is ac- 
quired after employment we must de- 
nend on publicity propaganda to make 
] infected persons recognize the 
dangers of the disease, and to lead them 

seek early treatment. I am sure 
at every man is interested in syphilis, 

d I am equally sure that those who 

e any reason to suspect the possibil- 
of disease would seek information if 

y knew where to find it, and if they 

re eertain that there would be no 

blieity. 

in conclusion I would suggest that in 
routine examination more attention be 
paid to the genitalia for sears or other 
evidence of infection; to pupillary re- 
actions; to absence or exaggeration of 
deep tendon reflexes; to the presence of 
pigmented sears over the shins, and to 
the Romberg test. All persons present- 

deviation from normal should be 
carefully questioned and examined, and, 
if necessary, a Wassermann test should 
be made. I realize that there may he 
some objection to the additional expense 
entailed in making such examinations. 
Up to May 1, 1921, the thirty-five cases 
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which I have reported have cost the 
company over $00,000 in money paid 
out, and how much more indirectly no 
one knows. We must not overlook the 
fact that at this stage these persons are, 
for the most part, beyond human aid 
and must necessarily go down to mental 
breakdown and death, and that nearly 
all of them could have been cured had 
their condition been recognized early. 
This number is but a small percentage 
of the cases of the disease prevailing 
in our service. Had we been able to 
prevent three or four of these thirty- 
five cases from going on to complete 
disablement, we would have saved 
enough money to cover the additional 
expense of the proposed examination. 

| have purposely avoided mention of 
certain interesting problems, chief 
among which are those regarding treat 
ment—namely, the sufficiency of treat- 
ment as given by the average medical 
man, and the provision of opportunity 
for the proper treatment of persons who 
are unable to pay. I hope that some so- 
lution of these problems may soon be 
offered. 
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THE PHARMACOLOGY OF SOME PHENYLENEDIAMINES* 


Pau J. Hanzii, M.D. 
Professor of Pharmacology, School of Medicine, Stanford University 


(From the Departments of Pharmacology, Stanford University, San Francisco, and 


Western Reserve University, Cleveland) 
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|. IwnvrropuctTIon 


()* the various phenylenediamines, 
the following are the most impor- 
tant for a study of their pharmacolog'i- 
val actions and toxicity because of their 
extensive use in science, industry and 
the arts: meta-phenylenediamine, para- 
phenylenediamine, and the dimethyl and 
diethyl derivatives of the latter. They 
are used as reagents in the manufacture 
of dyes, in dyeing furs and pelts, and 


in the rubber industry, and they cause 


*Received for publication June 19, 1922. 


a peculiar, specific edema of the head 
and neck. The existing pharmacolog' 
‘al studies are incomplete and contra- 
dictory, and deal principally with para- 
phenylenediamine. The dimethyl! and 
diethyl derivatives of para-phenylene 
diamine have been searcely studied at 
all. It seemed desirable, therefore, to 
repeat and extend the observations on 
Ortho-phen 
ylenediamine is too toxie for many pur 


these phenylenediamines. 


poses and has not been ineluded in the 
present study. Before proceeding to 
the body of the paper, a review of the 
literature pertaining to the uses, toxici- 
ty, and pharmacological actions of the 
phenylenediamines will be presented. 


Ll. Lirerature 


Use as Reagents—Formerly, para 
phenylenediamine and its dimethy! de 
rivative, which is more sensitive, were 
used by the older biologists (1) as re- 
agents for the detection of ozone and 
peroxides in plant juices and anima! 


] 


cells. This use was based on a color 
change which these compounds undergo 
in the presence of oxygen (O,), name 
from a light straw or no color 1 
or violet. This change is rather 
tive, and on the strength of p 
tests it was claimed that plant 
and saliva contained peroxides. 
free from cells fails to give a } 
reaction. A positive reaction 
unobtainable after treatment 


Tri 
Ii 


droeyanic acid. Presumably, 
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‘lular enzymes (oxidases) are at least 

part concerned in this reaction, al- 

ough the exact mechanism of action 

« not been definitely ascertained. 
ceording to Battelli and Stern (2), 
yiood and all tissues of higher animals 
nossess strong oxidizing powers for 
yara-phenylenediamine; the oxidizing 
ower of the brain, heart, muscles, kid- 

ys, and liver is very intense, while 

it of the pancreas, spleen, and lungs 

very weak. It is claimed by these 
investigators that the white substance 

the brain is more active than the 
vray substance. The power of oxida- 
tion of these compounds possessed by 
the tissues of many animals is not alto- 
veether lost by boiling and by the addi- 
tion of mineral acids. 

In another study on various factors 
which influence the oxidation process, 
Battelli and Stern (3) conclude that the 
oxidation of para-phenylenediamine by 
animal tissues takes place most energet- 
ically in the presence of water, and 
that the addition of or treatment with 
acid, alkali, econeentrated salt solutions, 
acetone, and aleohol, retards or inhibits 
Muscle heated to 60°C. 
is no longer able to oxidize the para 
compound. 


the reaetion. 


Dimethyl-para-phenylene- 
diamine, together with a-naphthol, is 
used as a reagent by histologists to 
demonstrate the presence of oxidase 
inules in eells (4). 
ih different cells are so _ variable, 
Wwever, that the quantitative feature 
ihe reaction appears doubtful, the 
erences being presumably due_ to 


The responses 


rences in permeability of cells and 
essness in the handling of speci. 
in the presence of atmospheric 
n, Which suffices to produce the 


tive change. 







des their use as reagents, the 





enediamines are used chemically 
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for the manutacture of indicators and 
dyes, such as chrysoidine, Bismarck 
brown, and methylene blue (5). 
Poisoning from Hair and Fur Dyes. 
—Under the name of ursol, para-phen- 
ylenediamine is used extensively for 
the dyeing of furs and pelts. It is also 
a common constituent of certain hair 
dyes, and many cases of poisoning from 
such hair dyes are reported in the lit- 
erature (6). The other important con- 
stituent of this class of hair dyes is 
iron which, when mixed with para-phen 
ylenediamine, gives a black color. Re 
cently, Thompson (7) observed the fol- 
lowing symptoms after the use of the 
French hair dye, ‘‘goute a_goute,’’ 
which contains para-phenylenediamine : 
vertigo, gastritis, diplopia, asthenia, 
and exfoliative dermatitis. Knowles 
(8) reports similar symptoms, inelud- 
ing dermatitis, from cosmetics and 
wearing apparel (furs, stockings, ete.) 
containing para - phenylenediamine. 
These reports agree with reports of the 
older observers, which may be found in 
works on toxicology by Kunkel, Kobert, 
and Brouardel (6), and need not be 
detailed here. In Germany, according 
to Gerdon (9), para-phenylenediamine, 
because of its toxicity, is being replaced 
in cosmetics by the non-toxic aureol. 
The commonest afflictions observed 
among fur and hide workers exposed to 
dyes containing  para-phenylenedia 
mine are asthma and eczema. ‘The 
eause of the asthma has given rise to 
considerable speculation. Gerdon(9)and 
Curschmann (10) attribute the asthma 
to an anaphylactic reaction. The attacks 
occur chiefly during the stage of drying 
the dyed pelts and at a time when 
they are treated with sand and pulled 
out of dye containers. These manipula 
tions are accompanied by clouds of dust 


containing para-phenylenediamine and 
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its oxidation products, which the work- 
ers inhale. Curschmann claims that 
fur-dye workers become hypersensitive, 
and become ill even when handling the 
finished produets (dyed furs). Both 
Gerdon and Curschmann claim that 
guinea-pigs, which have been injected 
with serums of individuals suffering 
from ursol poisoning, respond with 
severe anaphylactic symptoms when 
they are reinjected intravenously and 
hypodermiecally with the oxidation 
product, quinonediimine, and also when 
they inhale it. Their evidences are not 
econvineing, however, since it is now 
known that numerous foreign = sub- 
stances of diverse nature can cause ana- 
phylactoid symptoms, but not true ana- 
phylactic shock. On the contrary, it 
appears more probable that the re- 
sponses in human individuals and in 
guinea-pigs occur directly and as a re- 
sult of the marked irritant properties 
of para-phenylenediamine. ‘This is the 
view of Sartory and Rousseau (11), and 
is supported by the results of my expert- 
ments. On the basis of animal expert- 
ments, Sartory and Rousseau state that 
the oxidation product, quinonediimine, 
is pharmacologically inert and is not 
responsible for the irritant effects of 
hair and fur dyes containing para- 
phenylenediamine. In support of the 
claim that ursol exerts a direct irri- 
tant effect on the respiratory passages, 
the presence of pharyngitis and laryn- 
ceitis reported by Ritter (12) may be 
cited. ‘The eezematous appearance of 
the skin can be explained as being due 
to a dermatitis resulting’ from direet 
irritation by the dye in the same way 
as dermatitis of the sealp occurs from 
the use of hair dyes discussed above. 
Use in Rubber Industry.—The exten- 


sive use of various amino compounds, 


including aniline and the phenylenedia- 


mines, as accelerators in the vuleanizas 
tion of rubber has been known for some 
time(13) (14) (15). The following pheny}. 
enediamines are reported as being used 
for this purpose: meta-phenylenedia. 
mine, para-phenylenediamine, and_ 4j. 
methyl - para-phenylenediamine (16). 
Poisoning from the use of aniline in the 
rubber and other industries is well 
known (17); from our knowledge of 
poisoning from hair dyes and in the fur 
industry, the same result might be ex. 
pected trom the use of the phenylene. 
diamines in the rubber industry. [| 
does not follow from this, however, that 
the finished rubber product is toxie or 
injurious as a result of the use of such 
accelerators, since it is claimed that 
these compounds are destroyed during 
the process of vuleanization. On the 
other hand, the formation of new prod- 
ucts just as toxie, or even more toxic 
from the contact of rubber and _ suet. 
aniline-like aecelerators is possible. 

It is stated in the Bulletin of the Bu- 
reau of Labor Statistics for 1915 (17) 
that certain aniline-like compounds, 
when heated with rubber, form guani 
dine, a strong muscle-nerve poison which 
causes increased irritability, convul 
sions, and other symptoms. Similar 
symptoms have been recently reported 
by Stokes and Busman (18) and Busman 
(19) from the use of gum-rubber tubing 
in the intravenous injection of arspuel 
amine and other compounds. Whether 
the reactions deseribed by Stokes auc 
his associates are due to the presence 
of the aniline type of accelerator, « 
euanidine-like products, is not kn 
According to some manufacturers, 
rubber tubing intended for sur 
purposes is not vuleanized with th 
of the aniline and phenylenedia 
type of accelerators, but instea 
these, hexamethyleneamine 1s 
























































Vevertheless, it 1s known that acceler- 
‘s are used extensively, and if any 
one of the phenylenediamines is used 
‘» the vuleanization of surgical rubber 
‘ubing, it is potentially toxic and its use 
‘is reprehensible. It will be shown by 
the results of my work that the phenyl- 
nediamines are distinctly toxie in very 
il quantities and concentrations. 
Aside from the acute toxicities, the 
phenylenediamines and products of 
manufacture requiring their use may 
conceivably give rise to chronic effects, 
such as chronic pulmonary and _ skin 
diseases, nephritis, and tumor forma- 
tion. Nassauer (20) reported the oecur- 
of eaneer of the bladder among 
vorkmen in the organic chemical indus- 


‘ Tif) 
ch 


try in whieh aniline and aniline-like 
compounds are used. Workmen may be 
loved for sixteen years’ before 
uptoms of the disease appear. On 
ther hand, tumors were not noted 
Vassauer in men exposed to aniline- 
tree benzene for twenty years. It Is, 
erefore, of considerable interest and 
mportanee to ascertain the action and 
city of sueh compounds as the phen- 
ediamines, which are chemically 
closely related to aniline. 


Pharmacology.—As far as I can as- 
ertain, the physiological effects of the 
iylenediamines were first studied by 
“bois and Vignon in 1888 (21). Their 
niediate interest in these compounds 

‘heir chemical resemblance to leu 
ns and ptomains. Although Du- 
ind Vignon reported results with 





ra and meta compounds, there is 
doubt about the identity of their 
‘ompound, since it was obtained 
ortho-nitraniline, which yields or 
enylenediamine. There is prob 

» question about the identity of 


meta-phenylenediamine. The 
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symptoms produced in dogs by the in- 
jection of 0.1 gm. per kilo of the para(?) 
compound consisted otf salivation, vom- 
iting, diarrhea, diuresis, marked ex- 
ophthalmos, coma, and death within two 
or three hours. The injection of 0.1 
em. per kilo of meta-phenylenediamine 
in dogs caused symptoms resembling 
those of influenza—namely, continuous 
sneezing, hoarse cough due to marked 
irritation of the pharynx and the glot- 
tis, marked coryza, increased secretion 
of mucus and urine, and finally coma 
and death. At autopsy the lungs and 
abdominal viscera were markedly con- 
gested. 

The symptoms of respiratory distress 
and congestion of viscera observed by 
Dubois and Vignon were subsequently 
confirmed by Krdmann and Vahlen (22) 
by experiments on rabbits and dogs. In 
addition, Krdmann and Vahlen showed 
that the administration of para-phenyl 
enediamine to rabbits caused a peculiar 
specific edema of the head and neck, 
with marked swelling of the tongue. 
while the eyelids and tissues of the or- 
hits gave the appearance of exophthal- 
mos. They aseribed the edemas to the 
irritant action of the oxidation product, 
quinonediimine. According to these 
authors, the para-phenylenediamine cir- 
culated through the body, was excreted 
on the surfaces of membranes, and 
there in the presence of atmospheric 
oxvgen was converted to quinonedii 
mine, which in turn eaused irritation 
and, consequently, edema. This hypothe- 
sis, aS well as certain results of lird 
mann and Vahlen with quinonediimine, 
was not supported by the totally nega 
tive results of Sartory and Rousseau 
(23) with the oxidation products. of 
para-phenylenediamine in dogs, while 
the unoxidized compound was definitely 


toxie. 
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The edema observed by Meissner 
(24) was characterized by considerable 
maceration, with inereased’ viscosity 
and fibrin content of the blood. Neither 
section of peripheral nerves with de- 
veneration of the sympathetic fibers nor 
the administration of reducing agents 
or of preparations of glands of internal 
secretion influenced the edema, but the 
administration of 10 per cent. calcium 
chloride inhibited it, and atropine com- 
pletely prevented death and edema of 
the tongue and head. Meissner con- 
cluded, therefore, that the mechanism 
of action was peripheral and presum- 
ably located in the muscles themselves. 
The blood pressure in rabbits remained 
unchanged, but the respiration  in- 
creased during the edema. The dose of 
para-phenylenediamine by mouth neces- 
sary for the edema action was 0.4 em. 
per kilo. In frogs three stages of action 
were observed by Meissner. In the be- 
vrinning, the action was characterized by 
a nareotie-like paralysis. Later, con- 
vulsions of medullary origin occurred; 
finally permanent muscular stiffness 
occurred; and at death the animals ap.- 
peared in rigor. ‘The isolated heart was 
nol markedly influenced by para-phenyl- 
enediamine, while the blood vessels in 
excised organs were constricted. 

[In a recent study on the comparative 
toxicity of several different phenylene 
diamines and their derivatives, Meiss 
ner (20) found that meta-phenylenedia 
mine and dimethyl-para-phenylenedia- 
mine did not cause edema in rabbits, and 
that the ortho compound did so only in 
cats. Diethyl-para-phenylenediamine 
produced facial and neck edema in rab- 
bits as readily as para-phenylenedia- 
mine. Dimethyl-para-phenylenediamine 
was tatal in very small dosage, and also 
eaused hemorrhagic nephritis in rab- 
hits. 


In their experiments with meta-phey 
ylenediamine on two rabbits and one rat. 
Hess and Muller (26) observed hydro. 
thorax and fluid in the peritoneum, by; 
they do not mention edema in the ra)). 
bits. The rat showed facial edema a; 
the end of ten hours. The same effects 
occurred after the administration of 
toluylenediamine in dogs and rabbits 
effects which Hess and Miiller ascribed 
to increased filtration due to increased 
permeability of the capillaries produced 
by these compounds as indicated by thy 
increase in concentration of the blood. 

Whatever the true explanation of the 
peculiar edema may be, the results of 
my experiments indicate that it is a 
variable phenomenon. It is most readi 





ly indueed in rabbits, less readily in 
eats, and thus far never in rats and 
oulnea-pigs. The dosage necessary fo) 
the production of the edema, the charac 
ter of the onset, and the time of appear 
ance ot the edema are also variabl 
These points will be discussed later i 
the paper. 

According to Erdmann and Valle 
the dark color of the blood after th 
injection of para-phenylenediamine | 
animals is not due to methemoglobi 
These investigators claim that there Is 
also a high inerease in the ammonia 
content of the blood. 

In man, the effects produced by 
phenylenediamine are analogous 
those produced in animals, the 
toms eonsisting of asthma, eczema, 
mosis, gastric irritation, lachryma 
and exophthalmos. By some inves 
tors (S. Frankel (27), and Erdmai 
Vahlen (22)) these effects are attr 
to irritation by the oxidation pr 
quinonediimine. Pollak (28) think: 


the effects are due to para-phen: 


diamine. Others (v. Criegern , 
Gerdon (9), Cursehmann (10), | 











err (30)) attribute the reaction 
, true anaphylaxis. The rea- 
ns for belheving that the anaphy- 
‘ie view is untenable have already 
» stated and need not be discussed 
-e. The evidences as to whether quin- 
ediimine or para-phenylenediamine is 
ponsible are conflicting. The litera- 
e contains no data regarding the ac- 
ns of the dimethyl and _ diethyl 
derivatives upon man. 
Medical Uses.—Meta-phenylencdia- 
mine was introduced into medicine, un- 
der the name of lentin, as an antidysen- 
terie remedy by the chemist, Reidemeis- 
ter (see Unverricht, 31), on the now ob- 
olete theory that Asiatic cholera was a 
nitrite poisoning owing to the nitrite 
producing property of cholera bacilli in 
intestine. According to this view, 
meta-phenylenediamine would bind the 
trite with which it combines readily. 
Mavorable results from its use in diar 
rheas of different origin were reported 
Unverricht (81) and Boye (82). 
verricht and Boye observed a brown 
oration of the urime of clildren after 
doses of 0.01 to 0.02 gm. of meta-phenyl- 
ediamine; and of the urine of adults 
‘ter doses of 0.1 gm. three times daily. 
claimed that constipative and as- 
ugent actions occurred after doses of 
1 em. administered to children. On the 
er hand, in animals, diarrhea occur 
a result which might be expected 
sidering the irritant action of the 
nt. Sinee s0ve limited the diet at 
same time, it is very doubtful how 
n, if any, of the anti-diarrheal ac- 
was due to meta-phenylenediamine 
his review of-the literature indicates 
insatisfactory state of our knowl 
regarding the phenylenediamines. 
iew of their scientific importance 
extensive use in certain industries, 
obvious that more definite know] 
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edge of their toxicity and their actions 
is desirable. The following report deals 
with a description of the compounds 
used, their comparative toxicity, and 
local and systemic effects, together with 
a brief discussion of the practical appli- 
‘ation of the results. 


[IU I. DESCRIPTION AND SOLUBILITY OF 
COMPOUNDS STUDIED 


Meta-Phenylenediamine (Lentin). — 
The structural formula for this com- 
pound is 


NH, 


NH 


[lt is a pinkish erystalline solid with a 
melting point of 83° C.; it is almost 
tasteless and odorless, and gives from 
a deep reddish to a brownish color with 
sodium nitrite, and a yellowish color 
with ferric chloride. 

Para-Phenylenediamine.—Vhe — strue 
tural formula of this compound is 


NH 


Nit 


It is a dark brown, or nearly black, 
crystalline solid with a melting point of 
140° C.:; it possesses a slight burning 
taste and odor. With sodium nitrite 11 
eives a wine-red color, and with ferric 
chloride first a vellowish, then a green 
ish to a brownish-black color. 
Dimethyl-Para-Phe wale vediamiune. 

The structural formula for this com 


pound is 
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NH, 


CH 

When freshly prepared it is a nearly 
colorless or light yellowish liquid with 
a strong, pungent odor suggestive of 
garlic, and very irritating. It possesses 
a burning, disagreeable taste. The melt- 
ing point of fresh crystals is 40° C.; 
the boiling point of the liquid is 262° C. 
After standing for a few hours, it be- 
comes black and tarry, and gradually 
deposits black crystals. It gives a dark 
vreenish (nearly black) color with so- 
dium nitrite, and a reddish color with 
ferric chloride. In the presence of 
ferric chloride and hydrogen sulphide 
it forms methylene blue. 

Diethyl - Para - Phenylenediamine. 

The structural formula of this com- 
pound is NH, 


CH 
lt is very unstable at ordinary room 
temperature, but more stable when dis- 
solved in benzene. In this form and in 
its natural state it is a black, tarry 
liquid with a pungent odor which is less 
intense and less disagreeable than that 
of the dimethyl compound; its boiling 
point is 260° C. It gives a reddish 
color with ferric chloride. 

The behavior of the different phenyl- 
enediamines toward different solvents 
was ascertained by adding 0.1 gm. or 
0.1 e.c. of each compound to 10 e.e. of 
the solvent. The different compounds 
behaved in about the same way and may 
be described together. The bases 


themselves are only slightly soluble iy 


A 


water, but freely soluble in such lipoid 
solvents as 95 per cent. alcohol, cotton. 


seed oil, ether, and turpentine. They 


are practically insoluble (forming pro. 
cipitates) in gasoline, kerosene, liquid 
petrolatum, and glycerine. The reae 
tion of the watery solutions is alkaline. 
When treated with acids (hydrochloric 
and acetic), all of the bases form salts, 
which are readily soluble in water and 
possess an acid reaction. The aqueous 
solutions of the basic compounds are 
colored slightly pink to orange-yellow 
with meta-phenylenediamine, brown 
with para-phenylenediamine, and pur 
plish-red or violet with the diethyl and 
dimethyl derivatives of para-pheny] 
enediamine. The addition of acid inten 
sifies and brightens the colors. On the 
other hand, the lipoid solutions possess 
a yellowish to brownish-black color. 
The color of the aqueous solutions is 
due to the presence of the oxidation 
product, quinonediimine, which is 
formed immediately on exposure of the 
bases to atmospheric oxygen. ‘The 
structural formula of the quinonedi 
mine derived from para-phenylenedia 


mine is 


that from the dimethyl derivative 
said to possess the following formulas 


NH NH 
CH CH 
\N N/ 

\ 
CH CH, 


[t oc¢urs as a dark polymerization pro 
uct, a corresponding product being a! 
obtained from the diethyl derivative. 











“he results with the different so!- 
veuts indicate that the bases, being 
ipoid soluble, might be readily ab- 
sorbed from the skin and cause local 
‘rritation, While the salts would be 
yractically non-irritant and non-ab- 
sorbable. This was found to be the 
ease. Furthermore, it is indicated that 
alcohol and cotton-seed oil might be 
useful for the removal of these com 
pounds from the skin, in the treatment 
of irritation, ete. Gasoline, kerosene, 
petrolatum, and glycerine, on the other 
hand, would be ineffective. 


LV. PHARMACOLOGICAL ACTIONS 


|. Fatal Dosage and Comparative 
Toxicity 


The minimal fatal doses of the differ- 
ent phenylenediamines were determined 
for rabbits, white rats, guinea-pigs, 

is, and dogs. The compounds were 
used in the form of bases and salts, 
vith and without solvents, depending 
upon the method of administration. The 
iypodermie, intravenous, and gastric 
iiministrations were made with aque- 

solutions of different strengths. 
‘or gastric administrations a stomach 
tube was used, and the dose was washed 
wh with a little water in order to re- 
move the last traces of the solution. The 
methods used for studying dermal and 
' toxicities will be described sepa- 

The results that were obtained 

resented in Table 1. 

ra-Phenylenediamine. — When ad 

tered subeutaneously, the minimal! 





} 
; 


dose of para-phenylenediamine for 
rats was found to be 0.17 gm., and 








ibbits 0.2 gm. per kilo. On the 
hand, the fatal dose by stomazh 
at was less than one-half that for 

namely, 0.1 gm. per kilo. ‘The 





iosage by intravenous administra 
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tion was found to be rather variable in 
the few dogs that were used. Further 
sacrifice of animals in order to cdeter- 
mine the fatal dosage by intravenous 
injection of this and other compounds 
was deemed unwarranted. The def- 
nitely effective dose of para-phenylene- 
diamine administered intravenously 
was about 0.017 gm. per kilo. 
Dimethyl-Para-Phenylenediamime. — 
The minimal fatal dose by hypodermic 
administration for white rats was 0.00 
om., for rabbits 0.06 gm., and for 
guinea-pigs 0.1 gm. per kilo. Gastric 
administration to rabbits required 0.15 
om. per kilo to cause death, and one eat 
required only 0.02 gm. per kilo. 

These results are in accord with the 
findings in regard to para-phenylened.- 
amine—namely, that cats are more sus- 
ceptible to these poisons than are 
rodents. 

Intravenously administered, the mini- 
mal fatal dose for dogs was about 0.001 
om. per kilo, the lowest effective dose 
being about 0.003 gm. per kilo. ‘The 
results with the different species are 
variable, but, on the whole, they indicate 
that para-phenylenediamine is much 
less toxic (roughly one-third to once 
half) than its dimethyl derivative. 

Diethyl-Para-Phenylenediamine.—As 
indicated by the results in Table 1, this 
compound appears to be of about the 
same toxicity as para-phenylenedia- 
mine, but it is decidedly less toxie than 
the dimethyl derivative. The minimal 
fatal dose by hypodermic administra- 
tion for white rats was 0.1 e@m., tor 
rabbits 0.25 om., and for guinea-pigs 
0.2 gm. per kilo. When administered 
intragastrically to rabbits, the fatal 
dose was 0.45 om. per kilo, and in one 
eat 0.8 gm. per kilo. These results again 
indicate the greater susceptibility of 
cats than of rodents to these poisons. 
Administered intravenously, the mint 
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mal fatal dose for dogs was 0.07 gm. 
per kilo—a larger dose than was 
required of dimethyl-para-phenylenedi- 
amine (0.051 gm. per kilo). The results 
indicate considerable variability in the 
response of different species, white 
rats, on the whole, being the most sus- 
ceptible, cats and rabbits next in order, 
and guinea-pigs the least susceptible. 
Meta-Phenylenediamine. — The mini- 
mal fatal dose for white rats, when ad 
ministered hypodermieally, was 0.08 
em., and for rabbits 0.2 em. per kilo. 
According to these results, the meta 
compound is once again as toxie as the 
para eompound for white rats, and 
about equally as toxie as the para com- 
pound for rabbits. On the other hand, 
the results with gastric administration 
indicate that the meta compound is less 
toxic than the para compound. That is, 
rabbits required 0.8 em., and each otf 
two cats also required 0.8 gm. per kilo 
to cause death. These results agree 
with those of previous investigators 
using the same method, and tend to 
demonstrate that meta-phenylenedia- 
mine is less toxie than para-phenyvlene 
diamine. When administered intrave 
nously to dogs, the definitely etfeetive 
dose tor the ecireulation was 0.017 gm. 
per kilo, the lowest effective dose ob- 
served being 0.006 om. per kilo. 
Toxicity from Shai. This Was deter 
mined by direct application of definite 
quantities of the different compounds 
themselves (in basie torm) to. the 
shaved skin of rabbits. Twenty-five 
square centimeters of skin were used 
and a single application was made on 
each animal. After the skin had been 
shaved, it was washed with water in 
order Lo remove the excess ot SsOap, and 
the appleation was made to an unin 
jured area. ‘The animals were fastened 
to boards until symptoms developed; 
then they were untied and removed to 


eages tor further observation. Mets 
phenylenediamine and para-phenylen 
diamine were used in dry form and | 
strong alcoholic solution. The effects 
of the strongest (10 per cent.) alcoholic 
solutions were not fatal, consisting onl, 
of moderate erythema. These com 
pounds ean, therefore, be regarded as 
practically non-toxic when applied lo 
eally, except for the mild dermatitis 
which they produce. The result might 
be quite different with repeated appli 
cations upon the same area—as, for 





instance, in chronic intoxication from 
hair dyes and in the dyeing of furs—or 
when applied to injured skin. The un 
limited possibilities of producing in 
toxications of this kind were n 

feasible for testing under the conditions 
of the investigation. 

On the other hand, the dimethyl! and 
diethy] derivatives of para-phenylened 
amine were decidedly toxic, causing 
death from the application of very 
small quantities in from fifty minutes 
to three hours. Definite quantities ol 
the compounds measured with a pipett 
oraduated to O.005 ¢.e. were spread 
evenly over 25 sq. em. of the shaved anc 
uncovered skin in the same way as \ 
the meta and para compounds. 1 
local and systemic effects will be 
seribed — later. With dimethyl-p 
phenylenediamine the minimal 
dose was 0.0024 ¢.¢., and with di 
para-phenylenediamine, 0.000 ¢.c 
square centimeter per kilo of 
weight, indicating that the 4 
compound is only about half as to» 
the dimethyl compound. Dogs 
found to be less suitable tor © 
ments of this sort. The fatal dos 
the two compounds for rabbits w 
plied in the same way on two 
so0th compounds caused consid 


ervthema and urticarial rash; 1n 


tion, the dimethyl compound ¢ 
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irked swelling of the skin. The ani- 
al reeeiving the dimethyl compound 
).84 e.c. on 200 sq. em. of skin) was 
found dead the following morning (at 
-end of twenty hours). Assuming that 
skin absorption in man and rabbits 
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of an organ (mucosae and serous sur- 
faces are not reterred to here), cause 
typical symptoms of systemic poisoning 
like the dimethyl and diethyl deriva- 
tives of para-phenylenediamine. In 
this sense, these phenylenediamines 


1—MINIMAL FATAL DOSES OF SOME PHENYLENEDIAMINES! 








imal 


Para-Phenylene- 
diamine 





White rat 


Rabbit 


Gu nea-pig 


0.17 (10) 





bbit 





definitely 


effective 





| 
| Diethyl-Para-Phenyl- Dimethyl-Para- Meta-Phenyl- 
enediamine | Phenylenediamine enediamine 


Subcutaneously 


0.10 (15) | 0.05 (14) 0.08 (11) 
0.25 (12) | 0.06 (12) | 0.20 (2) 


0.20 (9) 0.1 (3) 


Intragastrically 





no effects (8) 


no effects (1) 


0.45 (6) 0.15 (4) 0.3 (4) 
0.80 (1) 0.02 (1) 0.35 (2) 
: — 
lntravenously 
‘ — " - —_ *) 
©) 0.07 >) O.0501 (S) | O.017 (5) 
| just effective | just effective definitely 
| 0.005 per ke. i 0.003 per Keg. | effective 
Lapor 
no effects (5) 1 :500,.000 


survived (5) 
1 :7.000,000 
1 :5.000.000 (i 
1 
] 


~~ 


200 000 


“? OOOO0O0 (1) 


From 





none (3) 


Skin 


O.005 ©¢.e, per sq. 0.0024 «ec. per none (3) 
cm. per kilo sq. cm. per kilo 
(10) (15) 
(004 ©.@e. per sq. cm. GW OO4 C.e, be! ~(y 
per kilo em. per kilo (1) 


not ftatal (1) 











On 


it 5.6 @e.e. for $ 


ibout the same, the fatal dose for an 

of 60 kilos body-weight would be 
) sq. em. of skin area, 
ne equivalent of about one teaspoon- 
of dimethyl-para-phenylenediamine 
ne palm of the hand. 
acetylecholin, there are no 
' poisons, as far as I know, which, 


With the ex- 


applied to the unbroken surface 


may be regarded as unique and very 
efficient poisons, since they cause 
symptoms and even death from applica 
tion to unbroken skin. Acetylcholin was 
found by Hunt (33) to cause a tall of 
blood pressure when applied to more 
favorable locations—namely, the sur 
faces ot trachea, liver, and skeletal 


muscles, 
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Vapor Toacity—This is of interest 
in connection with the industrial uses 
of phenylenediamines, especially of di- 
methyl-para-phenylenediamine which is 
rather volatile. Preliminary trials with 
the dimethyl and diethyl derivatives of 
para-phenylenediamine indicated that 
the saturated vapors of the dimethyl 
derivative were distinctly toxic, being 
fatal to white rats under a bell-jar. The 
vapors of the diethyl derivative pro- 
duced no symptoms whatever. The para 
and meta compounds are non-volatile at 
ordinary room temperature and at 38° 
C. The quantitative study of vapor 
toxicity was limited, therefore, to 
dimethyl-para-phenylenediamine. The 
method used was practically the same 
as that used for the study of irritant 
war ‘‘gases’’ previously described (34). 

The animals were placed in a 5-liter, 
wide-mouthed bottle Iving on its side 
and having an inlet and outlet for the 
toxie vapors. ‘The inlet was connected 
by glass and rubber tubing to a bubbler 
containing the compound and immersed 
in a water bath at constant tempera- 
ture. ‘The bubbler, in turn, was joined 
to a flow-meter through which air was 
blown by means of an ordinary motor 
and blower. By varying the tempera- 
ture around the bubbler and the volume 
of air passing through it, it was possible 
to vary the concentration of vapors of 
the compound. ‘The nominal vapor con- 
centration of the compound to which the 
animal was exposed was obtained by 
dividing the loss of weight of the bub- 
bler by the volume of air which passed 
through it. A verification of the nomi- 
nal vapor concentration by chemical 
analysis was not deemed necessary for 
my purposes. The figures which follow 
refer to nominal concentrations only. 

Considerable variation in the re 
sponse of different species to the vapors 
was found, and this is in general agree 


ment with the variations in toxicity ob 
served after gastric and subcutaneous 
administration of the compound. White 
rats just survived concentrations of 
1:500,000; higher concentrations were 
fatal. Rabbits required much lower 
concentrations (1:2,000,000) and guin- 
ea-pigs were killed by still lower con 
centrations (1:7,000,000 to 1:4,200,000) 
The symptoms consisted of restlessness, 
dyspnea, convulsions, and death. The 
animals wiped their nostrils and licked 
their chops, thus indicating local irrita 
tion by the poison, but no increase in 
salivation or frothy fluid indicative of 
pulmonary edema was evident. ‘The , 
symptoms presumably occurred as a 
result of alveolar absorption of the com 
pound itself, and were identical with 
those from other methods of adminis 
tration. 

Comparative Toaicity.—Owing to the 
marked variations that were encoun 
tered in different species and sometimes 
in the same species, an accurate com- 
parison, according to the minimal fatal 
dosage of the different compounds, is 
difficult. In connection with the dis 
cussion of the toxicity of the individual 
compounds, comparisons were made in 
this way in a few instances. These 
comparisons and the results given in 
Table 1 indicate that dimethyl-para 
phenylenediamine is the most toxic 0! 
all the compounds studied. This is tru 
when it is administered hypodermical|) 
vastrically, dermally, and through t! 
lungs. It is, roughly speaking, abo 
two to three times as toxic as diethy! 





para-phenyvlenediamine and para-ph 
vlenediamine when administered hypo 
dermically and gastrically. Diethy! 
para-phenylenediamine appears to | 
no more toxic than para-phenyle 
diamine, and meta-phenylenediam 
does not differ markedly in its toxic 
from the para compound, being 0! 








slightly less toxic when administered 
vastrieally, and somewhat more toxic 
‘or rats when injected hypodermiecally. 
None of these compounds produced fa- 
tal effects when applied to the skin, 
and diethyl-para-phenylenediamine was 
toxic in vapor form. There is no 
uestion, therefore, that dimethyl-para- 
henylenediamine is the most toxic of 
compounds that were studied. This 
irked toxicity is due in part to its 
olatility and lipoeid solubility, and in 
part to the methyl groups which it con- 
tains. 
Accurate comparisons with the re- 
its of previous investigators are im- 
ossible because the objects of their 
xperiments were different and their 
esults were also variable. Their ex. 


— " 


periments were usually aimed at the 
reproduction of symptoms observed in 
human individuals from the use of hair 
dves or exposure to dyes in the fur 
industry, and at the reproduction of 
edema in animals. For instance, the 
results of Meissner indicate that 0.074 
em. per kilo of para-phenylenediamine 
vas fatal to a cat; that 0.082 gm. per 
ilo of the diethyl derivative was not 
fatal. The results of Erdmann and 
Vahlen are similarly irregular. These 

‘hors used from 0.04 ‘to 0.4 gm. 
per kilo of the para compound to pro. 
duce edema in rabbits, and it is not re 
corded whether the administrations 

re fatal. 


istration of 0.022 em. per kilo 


In dogs, hypodermic ad- 


ed marked symptoms, intravenous 
nistration of 0.033 em. per kilo 





no effects, and gastric administra- 
of 0.05 gm. per kilo caused very 
ed symptoms. Obviously the fatal 
ye and limits of toxicity cannot be 
ately determined in this way. The 
is presented in this section give, 
idea of the 


lore, a more definite 
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toxicity of the phenylenediamines than 
was previously obtainable. 


2. Local Effects 


A study was made of the effects of 
the different phenylenediamines on the 
skin of rabbits and on human skin. The 
skin was previously shaved, washed 
with soap and water, and dried. The 
compounds were then applied directly 
to the uninjured areas of about 209 sq. 
em. of rabbit’s skin, and of 1 to 9 sq. 
em. of human skin. The skins were left 
uncovered. ‘The animals were tied to 
boards for varying periods of time dur- 
ine the observation of the acute effects, 
and were observed daily thereafter in 
their cages until the lesions disap- 
peared. When symptoms of systemic 
toxicity appeared, the animals were 
untied and replaced in their cages. 

The application of meta-phenylene- 
diamine and para-phenylenediamine in 
dry basic form rubbed into the skin had 
no effect. T’en per cent. alcoholic solu- 
tions of these compounds produced only 
a mild erythema on rabbit’s skin, and 
a slight burning’ and itchine’ sensation 
on human skin. In some individuals no 
effects whatsoever could be demonstrat 
ed. Different results might be obtained 
with continued applications over long 
periods of time, as in chronic poisoning, 
or with applications on injured skin. 
Sand-papered areas or injuries on rab 
bit’s skin from shaving responded with 
more redness and more pronounced urtt- 
earia, but no blisters, nor lasting effects 
were produced. There were also no 
demonstrable symptoms of systemic 
toxicity with the meta and para com 
pounds when applied in this way. It 
was concluded, therefore, that these 
compounds are relatively non-toxic and 


noen-irritant for rabbit’s skin. ‘This is 
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probably also true for human skin, as 
far as acute dermatitis and toxicity are 
concerned. ‘There were no prospects of 
securing adequate material for proper 
study of chronic poisoning, however, 
and further study with these compounds 
was, therefore, abandoned. 

On the other hand, the dimethyl and 
diethyl derivatives of para-phenylene- 
diamine were found to be very irritating 
and toxic when applied to healthy skin. 
The effeets of these two compounds dit- 
fered quantitatively, but were the same 
qualitatively. They may, therefore, be 
deseribed together. 

Rabbit’?s Skin ——Dimethyl-para- 
phenylenediamine in different quanti- 
ties, ranging from 0.0001 ¢.e. to 0.0062 
c.c. per square centimeter of skin per 
kilo of body-weight, was applied to the 
skins of twelve rabbits, and diethyl- 
para -phenylenediamine in quantities 
ranging from 0.0018 ¢.ec. to 0.006 e@.¢e. per 
square centimeter of skin per kilo was 
applied to the skins of ten rabbits. The 
results were unitorm throughout, being 
more pronounced with the higher than 
with the smaller quantities. The follow- 
ing protocol will give some idea of the 
results that were obtained. 


ProrocoL.—Rabbit. 2.5 kg. 

Before Experiment. — Respiration, 60; 
pulse, 200; temperature, 39° C, 

2 :10.—0.2 ¢@.c. of dimethyl-para-phenylene- 
diamine applied to 25 sq. em. of skin. 

2 75.—Struggling. 

2:18.—Beginning wheal formation; skin 
raised. Occasionally struggling. 

2:25.—Marked tremor followed by convul- 
signs, chiefly in the extremities; pupils 
dilated. Respiration, 246; pulse, 228. Mu- 
cCosae, evanotie ; tongue, blue. 


2:33,—Marked, continuous bilateral con- 
vulsions throughout the body; eyanosis; pu- 
pils dilated; loud wheezing. Marked wheal 
covering entire area of applieation. Respira- 
tion, 198. 


} 


?:40.—Marked frothing of saliva; pupils 
widel 
1] . 


v dilated: wheezing: convulsions. Pulse 


ty 


and slow. 120: temperature, 39.8 C. 


3:14.—Animal lying on side; died whi! 


pulse was being taken. Pulse, 180; tey 
perature, 38.5° C. Respiration stopped he- 
fore heart. Marked cyanosis; pupils dilated. 

Autopsy.— The only important changes 
noted were: discoloration of the skin at the 
site of application of poison; underlying tis 
sue very gelatinous; some discoloration of 


l 


fascia and muscle underneath. The blood 
was very dark, with a tinge of brown. Spee- 
troscopic examination showed the presence 
of reducible oxyhemoglobin by ammonium 
sulphide ((NH,).S). Marked cyanosis of all 
viscera. 


Both compounds caused marked dis- 
coloration of the skin and underlying 
tissues, the areas appearing from a 
light blue to black according to the 
quantity of the compound used. In 
from fitteen to thirty minutes there was 
considerable rash and wheal formation 
with spreading swelling, the painted 
area being sharply raised above the sur- 
rounding skin. At the end of two to 
three hours, the entire area to which 
the compounds were applied was uni- 
formly swollen, prominent, pouchy, and 
soft, rising to a height of 2 to 3 cm. 
The swellings were movable and ap- 
peared to be limited to the skin. There 
was no coagulation or erosion of tissue. 
The local swellings persisted for var 
able lengths of time in different an 
mals, and did not seem to be altogether 
dependent upon the dosage, although 
the larger quantities tended to produce 
more pronounced and more lasting 
swellings. As the highest doses killed 
the animals, the relation of the dosage 
to the degree of effect was difficult 
establish. With some animals tli 
sions remained several weeks (J) 
four to six); with others, from tw 
to fourteen days. As a rule, the 
healed completely, leaving only a ‘ 
dark area at the site of applicatio. 
this eventually desquamated. — 
were no infections and suppurat! 


The systemic symptoms which a 
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sapied the local effects were rather 
y»arked. After the initial symptoms of 
ioeal irritation, the animals remained 
‘ot for about ten to fifteen minutes. 
‘hen the respiration and the pulse 
»radually became accelerated; there 
vere  imereased’ reflex excitability, 
marked struggling, cyanosis, and, final- 
convulsions of the medullary and 
spinal types. With the smaller doses 
{ the dimethyl derivative (about 0.001 
ec. per square centimeter per kilo) in- 
creased reflex excitability and only one 
or two convulsions oceurred, but with 
the higher doses (0.005 to 0.006 ¢.c. per 
sjuare centimeter per kilo) the convul- 
sions were continuous, and death oe- 
curred in from fifty.minutes to two 
hours after the application of the agent. 
These symptoms were similar to those 
following hypodermic administration of 
both derivatives, and were due to the 
agents themselves. At autopsy the 
only important changes observed con- 
sisted of marked cyanosis of all viscera; 
rather pronounced intestinal peristal- 
sis, and a marked discoloration at the 
site of application, extending through 
the subeutaneous fat to the aponeurosis 
the recti muscles. The skin at the 
site of application was markedly edema- 
tous, being very gelatinous, soft, and 
macerated. As a rule there was very 
little surface extension of the dark dis- 
‘oloration beyond the area of applica- 
lion. ‘The blood of some animals ap- 
ired brownish, and that of others 
very dark. Definite proof of the 
‘tence of methemoglobin by the usual 





clroscopie tests was not obtained, 
ever. The dark color of the blood 
complicated by the presence of the 
pounds themselves, which become 
black on contact with tissues. 

is diffieult, therefore, to ascertain 


nuch of the dark color of the cya 





blood was the result of ordinary 
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asphyxia, and how much was due to the 
compound. In dogs injected with these 
compounds and receiving artificial res- 
piration, the blood also remained very 
dark. 

Human Skin—tThe effects of 
dimethyl-para-phenylenediamine and 
diethyl-para-phenylenediamine were ob- 
served on six subjects. The quantities 
of the dimethyl derivative used ranged 
from 0.001 ¢.c. to 0.005 ¢.c. per square 
centimeter of skin; the quantities of the 
diethyl derivative, from 0.005 e.e. to 0.02 
c.c. The effects were more pronounced 
with the larger quantities. 

The effeets following the application 
of dimethyl-para-phenylenediamine econ- 
sisted of local heat, tenderness, erythe- 
ma, maculopapular rash with quantities 
of 0.001 ¢e.¢., and blisters with the larger 
quantities. The effects appeared in 
from fifteen to thirty minutes, and 
spread to about six times the original 
area of application. Itching at this 
time was rather marked. On the second 
or third day there were hemorrhages 
and changes in blood pigment in the 
deeper layers of the skin. From the 
third day on, the lesions were quiescent 
and seemed to be healing; they appeared 
completely healed about the eighth day. 
On the eighth day, however, three sub- 
jects experienced marked itching, and 
gradually there appeared wheals with 
considerable erythema in the same 
areas to which the compounds had been 

originally applied. ‘Those symptoms 
persisted for about two weeks, and then 
eradually disappeared without causing 
further annoyance. 

The same six subjects responded with 
temporary local heat and marked iteh- 
ing and two of them showed also a pap- 
ular rash after the application of about 
five times the quantity of diethyl-para- 
phenvlenediamine. ‘These effects ind1- 


eate that the diethyl derivative is less 
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irritating than the dimethyl derivative. 
There were no blisters and no late ef- 
fects, all signs and symptoms of irrita- 
tion being absent on the following day. 

The application to human skin of both 
the dimethyl and diethyl derivatives in 
the form of salts (hydrochlorides) in 
solution produced no effeets at all. In 
this form the compounds are not lipoid 
soluble, and are therefore not absorbed 
from the skin. 

The effects on the skin caused by 
these compounds in vapor form are 
practically negligible. The jacketed test- 
tube method of Lynch, Smith and Mar- 
shall was used in these experiments. 
Kixposnres of skin to saturated vapors 
of dimethyl-para-phenylenediamine for 
thirty minutes caused only small pap- 
ules in two subjects, and no effects 
in three other subjeets. Application of 
dimethyl-para-phenylenediamine in the 
same way for thirty minutes produced 
no effcets on five subjects. 


Precention and Treatment of Skin 
Lesious.—The influence of various lipoid 
solvents on the irritant properties of 
dimethyl-para-phenylenediamine was 
tested, with the idea of using the most 
suitable solvent in the prophylactic 
treatment of workers with this com- 
pound. Five per cent. concentrations of 
the dimethyl derivative in cotton-seed 
oil, 'n 98 per cent. alcohol, in turpentine. 
and in oO per cent. ecastile soap were 
made and applied directly to areas 2 em. 
in diameter on the skins of forearms of 
the same subjects used in the experi- 
ments deseribed above. As a control, 
0.002 ¢.c. of the compound itself was ap- 
plied to each forearm. The control and 
soap solution produced the usual ef- 
feets consisting of burning, tenderness, 
erythema, discoloration, and_ blisters, 
while the oil, aleoholic, and turpentine 
solutions produced no demonstrabl 


effects for three days after application, 
and the subjects were dismissed. Two 
subjects reappeared on the eighth day, 
however, and two on the thirteenth day 
after application, with the usual signs 
and symptoms of dermatitis, includine 
blisters in the areas where the alcohol. 
oil, and turpentine solutions had bee) 
applied. Meantime, the control and soap 
areas had practically healed. The de 
velopment of latent dermatitis is not pe. 
culiar to these compounds, but was ob 
served also with mustard gas and othe 
irritants during the late war. 

Similar results were obtained on 4 
dog whose shaved skin was painted in 
several places with the same solutions 
and control that were used on the hu 
man subjects. The control and soap 
areas showed the presence of erythema 
and urticaria before the areas that wer 
painted with alcohol, turpentine, and 
oil solutions. In other words, soap, as 
compared with other solvents, facili. 
tated the production of dermatitis pre- 
sumably because of the increased lipoid 
solubility of the irritant or emulsifica 
tion of skin lipoids with it. It would, 
therefore, be useless as a detergent tor 
the removal of dimethyl-para-pheny! 
enediamine under industrial conditions. 

The results obtained show that soap 
and the lipoid solvents that were tried 
do not intertere with the development 
of dermatitis from dimethyl-para-plic 
nylenediamine. Rubbing the skin with 
these solvents was also tried, but was 
found to be ineffective for complete pre- 
vention of the dermatitis after itching 
once started. The most efficient sol 
for removal of the irritant was founc 
to be acetic acid which can be use’ 
high concentrations (up to 00 per © 
and which converts it into a soluble 
tate. This is the choice solvent fo) 
dustrial purposes. After itching 
definitely begun, however, acetic a 














also without influence on the urticaria 
and vesication which usually follow. 
The pruritus after the application of 
dimethyl-para-phenylenediamine, or af- 
tery the handling of articles containing 
was rather marked. The following 
alleged antipruritic agents were, there- 
fore, applied locally and in liberal quan- 
tities: 25 per cent. magnesium §sul- 
nhate; 2 per cent. ammonia; 10 per cent. 
benzyl aleohol in lard; and benzyl alco- 
hol. full strength. <All of these measures 
e temporary relief, that is, immedi- 
ately atter application and for about 
five minutes, but after that itching con- 
tinued as usual. Plunging or bathing 
the parts in cold water gave as good re- 
lief as any of the preceding measures 


Variability of Human Skin.—The re- 
sponse of different human skins to these 
compounds differed. Under the condi- 
tions, it was impossible to ascertain the 
extent of the variability, but a few pre- 
liminary trials were made, using the 

thod of Marshall, Lynch, and Smith 
)). That is, a series of different con- 

entrations of the compounds were 
made in petrolatum liquidum and were 

plied to areas of about 1 em. in di- 
ameter on the forearms of six subjects. 
The concentrations of the dimethyl 
derivative used ranged from 0.01 per 

it. to 0 per cent. The lowest effective 

entration, as indicated by redness 
and local heat in three subjects, was 0.1 
per cent., and in three others it was 1 
per cent. Another subject, a worker 
this compound, was found to re- 

d invariably to a 0.01 per cent. con- 
celitration. The concentrations of the 
yi derivative ranged from 0.1 per 
to 10 per cent. The lowest effective 
ntration in one subject was 0.2 per 
and the remaining five subjects 
' to give responses with the 
rest (10 per cent.) solution used. 
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[It is obvious, therefore, that there is 
considerable variation in the response 
of different human skins to the dimethyl 
and diethyl derivatives, when they are 
dissolved in petrolatum liquidum. ‘The 
study could not be pursued further for 
the lack of subjects. 


Antagonism to Dichlorethylsulphide. 
—The dimethyl and diethyl derivatives 
of para-phenylenediamine possess cer- 
tain properties which might make them 
useful as preventives or adjuvants in 
the treatment of burns from dichlor- 
ethylsulphide (mustard gas). That is, 
they are lipoid soluble bases and pene- 
trate the skin readily, and they also re- 
act readily with acids forming salts 
which are non-irritant as far as skin 
is econeerned. Assuming that the mech- 
anism of the action of dichlorethylsul- 
phide as explained by Lynch, Smith, 
and Marshall (86) is correet and con- 
sists of an intracellular acidosis, due to 
the liberation of hvydrochlorie — acid, 
the direct application of a base like 
dimethyl-para-phenylenediamine should 
mitigate the local irritant action of the 
dichlorethy!sulphide to some extent at 
least. The ehief disadvantage with 
dimethyl-para-phenylenediamine is_ its 
systemic toxicity from rapid skin ab- 
sorption. Nevertheless, several aitempts 
were made to treat mustard gas burns 
produeed on the shaved skits of rabbits. 
The dimethyl - para - phenylenediamine 
was applied directly to the areas treated 
with mustard gas. The results were 
disappointing. Small quantities of di 
methyl-para-phenyienediamine were in- 
effective, and large quantities (0.002 
e.c. and over per square centimeter of 
skin per kilo body-weight) killed ihe 
animals. In some animals there ap- 
peared to be some retardation in the 
development of burns, in comparison 


with the eontrols, but in the end the ef- 
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fects of dichlorethy]sulphide prevailed. 
Although these results are negative, 


they may be of interest to those working 


with toxic war compounds, since it may 


be possible to modify the toxicity of 


certain phenylenediamines and yet pre- 
serve their lipoid solubility and render 
them suitable for treating lesions 
caused by dichlorethylsulphide and simi- 
lar compounds. 

Biood.—Direct inspection of the skin, 
after the application of both dimethyl- 
para -phenylenediamine, and_ diethyl. 
para-phenylenediamine, indicated that 
irritation took place independently of 
precipitation in the tissues. It is diff- 
cult, however, to recognize moderate 
protein precipitation in this way, and 
the compounds were therefore added 
directly to diluted blood and serum. It 
was found that 1 per cent. coneentra- 
tions of the bases in 0.9 per cent. sodium 
chloride solution did not precipitate 10 
per cent. dog’s blood and serum (also 
in 0.9 per cent. sodium ehloride). There 
was also no hemolysis, but all mixtures 
were darker than control dilutions of 
untreated blood and serum. The pres- 
ence of methemoglobin in these mix- 
tures could not be established spectro- 
seopically. ‘The hydrochlorides of ali 
pherylenediamines are acid in reaction, 
possess an astringent taste, and pre- 
cipitate serum. ‘This is due to the 
acidity. 


a. Symptoms and Production oft Edema 


(/ id Ef fu SIONS 


The symptoms produced by hypoder- 
mic and gastric administrations of the 
phenylenediamines are quite similar as 
far as changes in respiration, pulse 
rate, body temperature, retlex excitabil- 
ity, and convulsions are concerned. The 
various compounds differ sufficiently 
in the production of edemas and ef- 


fusions to require brief descriptive 
summaries of their actions. The effects 
were studied on several different spe- 
cies. The pulse and respiratory rates 
and rectal temperature were obtained 
in the usual! wav. 
Meta-Phenylenediamine—This com- 
pound was administered in the form of 
hydrochloride to six rabbits, ten white 
rats, one dog, and one cat. The dosage 
for rabbits ranged from 0.1 gm. to 0.4 
om. per kilo; for rats, from 0.06 gm. to 
0.4 om.; for the dog it was 0.2 gm.; and 
for the cat, 0.4 gm. The effects of hy 
podermic and gastric administrations 
were the same and have been gronped 
together. The onset of symptoms with 
castric administration was slower, how- 
ever, as would be expected. ‘There 
was invariably an increase in pulse and 
respiratory rates and a slight increase 
in rectal temperature (0.1 to 0.5° C.). 
With fatal doses, the animals showed 
tremors, increased excitability, convul- 
sions of medullary and spinal types, 
marked depression, cyanosis, collapse, 
and death. Only two rabbits and one 
rat recovered. The remaining animals 
died at varying intervals, but as a rule 
the effects were fatal not later than the 
day following the administration 
of the compound. No edemas of tlie 
face, conjunctiva, neck, or tongue were 
observed in any of the animals. At 
autopsy, the most characteristic change 
that was found was hydrothorax, bul 
it was also variable. Hydrothorax was 
definitely present in three rabbits that 
received 0.2 gm. of the compound | 
kilo, and absent in two rabbits 1! 
received 0.1 gm. and one rabbit | 
received 0.2 gm. per kilo. It was 
present in the cat which received 
om., but absent in the dog which 
ceived 0.2 em. per kilo. The hydro’ 
rax was always bilateral, and the 
ume of fluid in the rabbits and in 





d 








eat ranged from 2 to 5 ¢.c. per pleura, 
oy a total of 4 to 10 e.c. from both pleu- 
eavities. The fluid was clear and 
; No examination was made 
‘or the presence of formed elements. 
Negative chemical tests with sodium 
nitrite indicated the absence of meta- 
phenvlenediamine. ‘The abdominal vis- 

ra of those animals which showed no 
hyvdrothorax appeared rather wet and 
shiny, but it was impossible to measure 
‘he fluid in order to gain a definite idea 
of the change in fluid volume in the peri- 
ioneal cavity as compared with the nor- 
mal, which is usually too small in vol- 
ume to be measured. There may have 
been hydroperitoneum, but it certainly 
could not be as clearly ‘demonstrated as 
the hvdrothorax. 


} 
+) 
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} 
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jlorless. 


Other changes at autopsy consisted 
of marked viseeral congestion and 
edema of one or both lungs in some, 
but not all, animals. Fresh autopsies 
indicated unusually active peristalsis of 
the intestines and contraction of the 
bladder. In the ten white rats that 
were studied, hydrothorax, hydroperi- 
toneum, and facial edema were not 
demonstrable. As far as facial edema 
is concerned, my results agree with 
those of Meissner (25), but disagree 
with the positive result of Hess and 
Miller (26) in the one rat which they 
Observed. As for hydrothorax, and 
possibly hyvdroperitonenm, in rabbits, 

results agree with those of Hess and 





rard-Phenylenediamine-—This com- 
d was administered in the form of 
and hydrochloride to ten rabbits, 


nite rats, and one cat. The range 








sage for rabbits was from 0.1 em. 
to gm. per kilo; for white rats, 
J.079 gm. to 1.0 gm. per kilo; and 

cat 0.1 gm. per kilo, adminis 


DY stomach and subcutaneously. 
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The symptoms by both methods of ad- 
ministration were the same, the time of 
onset and progress being more rapid 
with hypodermic administration. All 
animals showed an increase in pulse 
and respiratory rates, and the cat and 
‘abbits showed a fall of temperature 


about fifteen to thirty minutes after 


administration. With non-fatal doses 
the respiration became very rapid, 
dyspneic, and accompanied by loud 
wheezing which was audible at a dis- 
tance of 30 feet with some animals. At 
the same time there was an increase in 
secretions from the mouth, nose, and 
eyes. At the end of one and one-half 
to four hours swelling of the nose, lips, 
tongue, orbital tissues, conjunctiva, and 
neck was observed. facial, tongue, and 
neck edemas were observed in four rab- 
bits receiving from 0.2 em. to 0.22 em. 
per kilo by stomach and subcutaneously. 
Mdemas were absent in six rabbits re- 
ceiving from 0.1 gm. to 0.40 gm. per 
kilo by stomach and _ subcutaneously. 
With the higher doses, death super- 
vened before the edema could develop. 
Figure 1 illustrates edema of the face, 
tongue, and nose in a rabbit after the 
administration of para-phenylenedia- 
mine hydrochloride. 

The facial and neck edemas were 
characterized by rather pronounced, 
pouchy and soft swelling. The lips were 
very thick and the skin of the neck was 
pendant. The tongue was so swollen 
that it protruded from the mouth. lrd- 
mann and Vahlen attributed the marked 
dyspnea to obstruction in the pharynx 
and glottis by the swollen tongue. The 
orbital tissues and conjunctiva were so 
swollen that they gave the appearance 
When the effects oc 


curred, they were indeed very striking 


of exophthalmos. 


and unmistakable. but some _ rabbits 


showed no demonstrable edemas or ef- 
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fusions anywhere. At autopsy, the 
rabbits which showed facial and ecervi- 
cal edemas showed no hydrothorax nor 
hydroperitoneum. ‘The ten white rats 


which were injected with doses ranging 


from 0.075 gm. to 1 gm. per kilo showed 
no edemas nor exudations anywhere. <All 
the rabbits which showed edemas of the 
face and neck died eventually, although 
recoveries trom the acute edema and 
other symptoms occurred. The edemas 
were most pronounced on the day fol- 
lowing administration, less pronounced 
on the third day, and complete recovery 
took place by the end of the sixth day. 


_Qne animal died on the sixth, one on the 


eighth, and one on the thirteenth day 
after administration. Apparently there 
was permanent injury to important 
functions and organs even in those ani- 
mals which recovered from the acute 
effects 

The results that were obtained with 
para-phenvlenediamine administered to 
rabbits and a eat are confirmative of 
those obtained by previous investiga- 
tors. The results of previous investi- 
gators show that dogs give practically 
the same response as eats and rabbits. 
Reports in the literature give the im- 
pression that rabbits respond uniformly 
to the production of edema. The results 
here reported do not sustain this belief, 
however, and white rats failed to show 
evidences of edema. It is concluded, 
nevertheless, that a certain proportion 
of rabbits responds to the administra 
tion of para-phenvlenediamine with a 
peculiar and marked edema of the face, 
tongue, conjunctiva, and neck. On the 
other hand, a_ certain proportion ot 
rabbits responds quite differently to 
meta-phenylenediamine — namely, with 
hydrothorax, and possibly with hydro 
peritoneum. The production of marked 
pulmonary edema does not seem to be 


a prominent feature in the actions of 


these compounds. Moderate degrees «| 
pulmonary edema could not be detected 
under the conditions of the experiments. 

Dimethyl-Para-Phenylenediamine aid 
Diethyl - Para - Phenylenediamine. — 
These two compounds gave practically 
identical results as far as symptoms 
were concerned; the diethyl compound, 
however, being less toxic, required 
larger dosage than the dimethyl com 
pound. Dimethyl - para - phenylenedia- 
mine was administered by stomach and 
hypodermically to four rabbits, two 
euinea-pigs, one cat, and fourteen white 
rats. For rabbits the range of dosage 
was from 0.06 gm. to 0.3 gm. per kilo; 
for guinea-pigs, from 0.05 to 0.6 gm.; for 
the eat, 0.02 gm.; and for the rats, from 
0.063 to 0.8 gm. Diethyl-para-pheny|- 
enediamine was administered in the 
same way to six rabbits, three guinea. 
pigs, two cats, and fifteen white rats. 
The range of dosage was from 0.05 gm. 
to 0.4 gm. per kilo for the rabbits; 0.05 
om. to 0.2 gm. per kilo for the guinea- 
pigs; 0.05 gm. and 0.3 gm. per kilo for 
the two eats, and from 0.018 gm. to U.5 
om. per kilo for rats. 

In rabbits, eats, and guinea-pigs, both 
compounds caused a prompt increase 1 
respiratory and pulse rates, the | 
ereases being somewhat more uniform 
and pronounced with the dimethy! co 
pound than with the diethyl compow 
Rabbits showed a fall in rectal tempe! 
ture, except when convulsions occurl 
then the temperature rose. It fell ag 
however, when the convulsions stop] 
Cats responded more uniformly w! 
fall in temperature. The rabbits 
rats which died as a result of the ac 
istration of these compounds shi 
increased reflex excitability, tren 
convulsions of medullary and §] 
types, marked cyanosis, very rapid 
piration, marked motor depres: 
coma, further fall in body tempera’ 








































d death. None of the animals ex- 
‘hited edemas anywhere. Most of the 
-abbits and guinea-pigs and all the cats 
died very soon or eventually after the 
sjministration of the compounds. 
White rats showed a mortality of about 
) per cent., depending on the dosage. 





hic. 1—Edema of tongue, nose, and face follow- 
idministration of 0.2 gm. of para-phenylene- 
ne per kilo by stomach to a rabbit (1.2 kg.). 
before administration, the pulse rate was 212, the 
‘piratory rate, 84 per minute. Four hours after 
nistration of the agent the pulse rate was 
00, the respiratory rate 60. Other symptoms were: 
a, INarked exophthalmos, and chemosis, fa- 
edema, nose large, tongue hanging and mark- 
swollen. The rabbit had recovered complete- 
the edemas at the end of six days; it died 
unonia and pulmonary edema at the end of 

en days, 


animals were also used for the 
rmination of fatal dosage of these 
pounds as deseribed in the begin 
ot the paper. 

autopsy, the only noteworthy 
ees consisted of marked congestion 
viscera, marked intestinal peristal- 
ind very dark blood. There were 
idences of hydrothorax or hydro 
neum. 
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The results obtained agree with those 
of Meissner’s experiments with di- 
methyl-para-phenylenediamine on rab- 
bits, but do not support his claim that 
diethyl-para-phenylenediamine causes 
facial and cervical edema. The reason 
that edema does not occur after the ad- 
ministration of dimethyl-para-phenyl- 
enediamine is because the compound is 
markedly toxie and death results before 
the edema process is fully developed; 
small quantities, that is, less than toxie 
amounts, are inadequate for the produe- 
tion of edema. On the other hand, 
diethyl - para - phenvienediamine -is no 
more toxic than para-phenylenediamine, 
which produces edema in some rabbits. 
Other factors, as, for instance, altered 
concentration of the blood, which may 
be concerned in the production of edema 
even before it is grossly recognizable, 
were not studied. 

Mechanism of the Production of 


- 


Rdemas and Effusions.—Ilt was thought 
more desirable to determine the inel- 
dence of the edemas and to obtain some 
idea of the ordinary pharmacological 
actions of the phenylenediamines betore 
proceeding to a detailed study of the 
mechanism of the edemas and_ effu 
sions. ‘The edemas are undoubtedly 
among the most interesting features in 
the actions of these compounds.  Cer- 
tain evidences in the literature indicate 
that the edemas and effusions caused 
by these compounds are associated with 
an increase in permeability of the eapil 
laries. lt is not indicated, however, 
why para-phenylenediamine appears to 
have a predilection for the head and 
neck, and meta-phenylenediamine for 
the pleura and peritoneum. ‘The vaseu- 
laritv of certain parts, and the cireula- 
tory stimulant properties of the com- 
pounds (to be deseribed) would favor 
the production of edemas and effusions. 


| have already indicated that volatility 
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and lipoid solubility play a definite réle 
in the predilection of the dimethyl and 
diethyl compounds for the skin. The 
role of quinonediimine is not estab- 
lished. Section and degeneration of 
sympathetic nerves do not prevent the 
edemas. Other possibilities are depri- 
vation of oxygen in the tissues and local 


acidosis. 
4. Action on Frogs 


The effects of the phenylenediamines 
on trogs are different from those on 
The meta and para com- 
pounds eause gradual depression, with 
muscular relaxation and _ paralysis 
(Meissner; Matsumoto). Previous to 
the present investigation the dimethyl 
and diethyl derivatives of para-phenyl- 
Fatal 
and non-fatal doses of these compounds 
iInjeeted the 


terior lymph saes of frogs, and the ef- 


mammals. 


enediamine had not been studied. 


were therefore into an- 


rects observed. Six frogs were injected 
with the dimethyl derivative, and four 
S0th eom- 
The 


experiment 


with the diethyl derivative. 
the 
protocol of an 


pounds gave same _ results. 


following’ 
with the dimethyl derivative indicates 
the effects, and results of analysis of the 
depressant action. 


Prorocot.—lrog. 29 em. 

2:17.—0.03 e@.e. of 1 per cent. solution of 
dimethyl-para-phenyvlenediamine per gram of 
weight injeeted into anterior lymph sae. 

2:37. —Marked depression; frog sat and re- 
Increase in reflex excita- 


fused tO move: no 


bilitv. Animal sank in water; made attempts 
to swim but did not sueceed in reaching the 
air’. 

3310, Complete muscular relaxation; 


when put on its back, frog lay in place; no 

‘convulsions at any time. 
Heart dilated and _ still 

very slowly. Blood was very dark. 


although 
Sciatie 


heating. 


nerve and gastrocnemius muscle responded 
to electrical and mechanical stimuli. The 
central nervous svstem was exposed, and 
weak faradie stimulus was apphed from 


INDUSTRIAL 
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above downward; there was nce response 
stimulation of cerebral hemispheres in differ. 
ent regions; prompt muscular responses oe. 
curred, however, when the same stimulus was 
appled to the optie thalamus, optic lobes. 
medulla, cord, and sciatie plexus. The de- 
pression appeared, therefore, to be above the 
optic thalamus. 





The results with the remaining’ froes 
were similar, and agreed with those ob 
tained by Meissner and Matsumoto i 
their experiments with meta-phenylene. 
diamine and para-phenylenediamine on 
frogs. Briefly summarized, the effects 
of these compounds on trogs consist of 
eradual motor depression, marked ais 
coloration of the blood, circulatory co! 
lapse, and death. At autopsy the hearts 
of those animals which died from the 
the poisons were marked] 
dilated and refractory te direct mechan 
ical and electrical stimuli. Convulsions 
were absent even in those animals whic! 
In fact, there was 


effects of 


received fatal doses. 
produced a depression similar to that 
caused by morphine or narcotics, and 
later a paralysis of such a degree that 
the animals were not able to perform 
purposive movements: tne efiects cor 
responded to those tollowing ablation otf 
the hemispheres. It was shown that 
the ditterent portions of the central ner 
vous system from the optic thalamus 
to the spinal eord, inelusive, and th 
peripheral nerve trunk, nerve endings, 
and skeletal musenlature were 
paralyzed by the highest doses. It was, 
therefore, concluded that the depress! 

the 
resembled that produced by morp! 


None of the animals used in these 


was central in hemispheres 


periments showed increased excitab 
or convulsions. Apparently the n 
action on the nervous system in f} 
was depressant; the stimulant ac’ 
if any, was evanescent. It will be 


later that the smooth muscle of exc 


organs in frog's is markedly stimu! 





























hy the phenylenediamines. It will also 
pe seen that the terminal depressant 
action upon the circulation is the same 
in mammals as in frogs. All these find- 
‘nes indicate that the actions of the 
phenylenediamines are complex. 


5 Convulsant Action in Mammals 


The results obtained with frogs do 
not throw any light on the cause of the 
convulsions which occur in mammals, 
because the predominant action of the 
phenylenediamines upon the nervous 
system of frogs is paralysis. The clonic 
nature of the convulsions In mammals 
indicates that these are not due to direct 
(veratrin-like) stimulation. 
Two other important possibilities re- 
main: (1) that there is direct and more 

stimulation of the 
svstem 


museular 


eentrai 
medulla, 
aud cord) of mammals than of frogs; 


prolonged 


(cerebrum, 


} eCPrYOUS 


that asphyxia ocecurs trom altera- 


—* 


ion of the blood pizment by the com- 
pounds, or gradual cireulatory depres- 
sion. Asphyxia may be ruled out at 
ce, beeause the administration of ar- 
cial respiration to operated and un- 
perated rabbits, eats, and dows did not 
revent the convulsions. Furthermore, 
convulsions rapid, 
aking place twenty to thirty minutes 


the onset of was 
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(To be continued) 


407 


after application to the skin of rabbits, 
and atter hypodermic injection in 
white rats, cats, and rabbits, and almost 
immediately after the intravenous in- 
jection of large doses in dogs and eats. 
Under these conditions, the convulsions 
continued for some time (from one to 
one and one-half hours) and increased 
in severitv before exanosis was evident, 
although some difficulty was experi- 
enced in interpreting this properly be- 
cause of the dark discoloration of the 
blood preduced by the compounds them- 
selves. The presence of methemoglobin 
was not established in any of the bloods 
of the different species studied. Its 
presence in the blood of animals dying 
from the phenylenediamines is denied 
by Meissner and Hrdmann and Vahlen. 
The discoloration was apparently due 
to the oxidation product of the phenyl- 
enediamines, namely, quinonediimnine, 
which does not per se contribute to or 
This direct 


stimulation of the nervous system by 


cause asphyxia. leaves 
themselves as 
Both the 


medullary aud spimal types of convul- 


the phenylenediamines 
the cause of the convulsions. 


sions were observed and it may be as- 
sumed, therefore, that both the medulla 
and cord are involved in the stimula- 
tion. 
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OBSERVATIONS UPON THE EFFECTS OF EXPOSURE TO ARSENIC 
TRICHLORIDE UPON HEALTH 


(Continued ) 
Tue LATE SHERIDAN DELEPINE, M.B., C.M., M.Se. 


PHENOMENA OBSERVED WuHen ARSENIC 
'T’RICHLORIDE Is Exposep To AIR 


A. Arsenic trichloride exposed to air 
dried over sulphurie acid and confined 
in a bell jar of moderate size evaporated 
fairly rapidly without undergoing any 
obvious change, and without causing any 
cloudiness of the air or producing any 
perceptible deposit upon glass plates 
exposed in a chamber; 4 «ee. of the 
arsenic trichloride had almost entirely 
disappeared in twenty-four hours. The 
thin layer remaining in the watch glass 
did not alter in appearance in the course 
of five days, but at the end of that time 
it was syrupy in consistency and on be- 
ing exposed to ordinary air it became 
opaque and white. Very few microscopic 
eranules were recognizable on the sur- 
face of a glass plate exposed in the 
chamber. ‘The sulphuric acid contained 
a large amount of arsenic. 

B. Arsenic trichloride exposed to air 
saturated with water confined in a bell 
jar of the same size as that used in [x- 
periment A behaved quite differently. 
The air of the jar became rapidly cloudy, 
and the glass surfaces exposed to this 
eloudy air were soon coated with a thin 
white deposit. Ten minutes later the 
air was still cloudy and minute dew-like 
drops had formed upon the marginal 
part of the watch glass contaiming the 
arsenic trichloride, and also upon the 
surface of the lass plates exposed in 
the jar as well as upon the sides of the 
jar itself. 

After four hours, changes which have 





already been described were observed in 
the arsenic trichloride. The droplets 
formed among the white deposit on the 
glass surfaces had increased consider- 
ably in size. After twenty-four hours, 
the arsenic trichloride had increased 
slightly in bulk. The white deposit on 
the glass plate examined under the mi- 
croscope consisted of semi-crystallized 
eranules of small size. In the large clear 
drops of fluid which had formed at fairly 
regular intervals among this deposit, 
there were large transparent crystals, 
some ot which were clearly octahedral. 
(See Fig. 3.) At the end of five days, 
the bulk of the fluid contained in the 
wateh glass was about five times that 
of the arsenic trichloride originally 
placed in it. An abundant semi-crystal- 
line deposit had formed in this fluid. 





The water in the dish placed in the ja 
contained a large amount of arsenic as 
did also the deposit on the glass plates. 
Notwithstanding these great differences, 
it is clear that arsenic trichloride emits 
vases rich in arsenic whether it Is ex 
posed to dry or to moist air. (See also 
animal experiments 17 and 19.) 
Arsenic trichloride, 0.98 om., col: 
tained in a wateh elass (the surface 0! 
the fluid measuring about 7 em. squi 
supported by one arm of a special 
ance was placed under a bell jar 0! 4 
capacity of about 20,000 ¢.c. The air ol 
this jar was partly dried by sulp! 
acid. ‘Test plates A, B, and C were 
ported at various heights in the 
which was hermetically closed by a 
plate to which it was luted. (See F' 
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o—Deposit produced by arsenic trichloride 
sence of water vapor. (X17%75.) <A and 
= ctahedral crystals formed in the droplets of 





uring the first hour 0.18 gm. of the 
'senle trichloride became gaseous; the 
il in the watch glass lost weight more 
afterwards, about 0.4 gm. being 

the twelve hours following the 





and about 0.2 gm. in the subsequent 

hours. The total loss in twenty- 
hours was, therefore, about 0.78 
r on an average of 0.0325 gm. per 
Over one-quarter of the amount 
twenty-four hours had volatilized 
» the first hour. 

air of the jar remained clear at 
nd the arsenic trichloride did not 
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emit any visible fumes, but after several 
minutes a slight cloudiness was visible 
in the upper part of the jar and within 
thirty minutes the whole jar was full of 
minute particles in active motion, and a 
white film had formed on each of the 
test plates A, B, and C. These particles 
were barely visible to the naked eye, but 
with the help of a magnifying glass and 
of a suitable light their motion could be 
clearly followed. They formed at a short 
distance above the watch glass contain- 
ing arsenic trichloride, then rose rapid- 
ly to the dome of the jar (7.e., to a height 
of about 35 cm.). They then dispersed 
in different directions, forming various 
streams, and fell down along the sides 

















A 
bem ee 904 


hic, 4.—Bell jar (22,000 ¢.¢.) showing arrange 
ment adopted for estimating rate of volatilization 
of arsenic trichloride in air dried by sulphuric 
acid. A, B, and C=test plates. (Seale 1 to 15.) 





of the jar, some of them reaching the bot- 
tom. They rose again toward the watch 
olass, however, and joined the stream of 
particles arising from the arsenic tri- 
chloride. This circulatory motion ap- 
peared to be determined by the relative 
temperature of the air above the watch 
elass and of that near the walls of the 
jar. The heat thrown against the sides 
of the jar by an ordinary incandescent 
electric lamp, situated at some distance 
from the jar, was sufficient to divert the 
stream of particles toward the light. The 


heat of the hand applied to one side of 
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the jar had the same effect. The pres- 
ence of the trace of water remaining in 
the air appeared to be necessary to the 
formation of a solid oxychloride of arse- 
nic. The first ascent of the particles was 
obviously caused by the warming of the 
air due to the heat of combination. As 
the warm air over the watch glass rose, 
it carried with it the light particles as 
they were formed. On reaching the top 
of the jar, however, this air was cooled 
and, being displaced by more warm air, 
streamed down the side of the jar from 
which it returned to the neighborhood 
of the watch glass to replace the rising 
warm air. At the end of the experiment 
the upper surface of each of the test 
plates was covered with a white deposit. 
This phenomenon is not only interesting 
from a scientific point of view, but is of 
importance as indicating a method for 
the removal of arsenic trichloride fumes. 

When ammonia is present in air to 
Which arsenie trichloride is exposed, 
white fumes are also produced owing to 
the formation of the chloro-ammonio- 
arsenical compound or compounds al- 
ready alluded to. These fumes are com- 
posed of solid particles which form 
denser and more distinct clouds than 
those of the oxychloride; they are sub- 
ject to the same movements as those 
which have been previously described. 
Advantage was taken of the greater vis- 
ibility of these fumes to take photo- 
eraphs showing some of the phases of 
the phenomenon. (Fig. o.) 

A shallow rectangular case was con- 
structed by fixing together sheets of 
plate glass. Through two small doors at 
the ends of the base plate, two capsules 
containing respectively 1 ¢.c. of arsenic 
trichloride and 5 ¢.c. of weak ammonia 
solution were introduced almost simul- 
taneously. A powerful beam of light 


was thrown through the glass case and 


photographs were taken at intervals. 

Figure 5A shows the appearance of 
the glass case immediately after the in. 
troduction of the capsules of ammonia 
(left), and arsenic trichloride (right), 
The are lamp was at the right of the 
ease. For the first two or three minutes 
very little change was observed, then a 
small cloud formed over the arsenic tri- 
chloride and began to rise rapidly to the 
top of the chamber (about 35 em.). 

Figure 5B was taken five minutes af- 
ter the beginning of the experiment. The 
column was deflected toward the light 
owing to the current of warm air caused 
by the heat of the lamp (although a 
trough of water had been interposed to 
absorb the greater part of the heat). In 
addition to the main ascending current, 
a much smaller descending current was 
noticeable. 

Figure 5C was taken ten minutes after 
the beginning. The fumes, after flowing 
under the top plate toward its left end, 
had turned downward along the colder 
left side of the chamber, and when near 
the base had flowed along the _ base 
toward the right, generally rising before 
reaching the ascending stream above the 
capsule of arsenic trichloride. ‘This 
stream of fumes was composed of sub- 
sidiary streams which on expanding 
produced the clouds visible in the photo- 
graph. 

Figure 5D was taken fifteen minutes 
after the beginning. The whole chamber 
was then full of white fumes, densest 01 
the right over the arsenic trichloride, 
from which fresh fumes continuec 
rise. 

Figure 5E was taken thirty m 
after the beginning of the exper! 
when the fumes had ceased to ris' 
continuous stream; a dense cloud ‘Ne 
over the arsenic trichloride, from W!! 
fresh fumes burst at intervals. 
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fumes in the upper part of the chamber 
had begun to settle, falling upon the 
bottom plate in the form of very fine 
white granules (semi-crystalline under 
the microscope). 

Figure 5F was taken one hour after 
the beginning. After a final outburst 
of fumes, the aerial precipitate had be- 
gun to fall so abundantly upon the base 
plate as to cover it entirely with a white 
opaque layer which is visible in the pho- 
tograph. The arsenic trichloride capsule 
had become visible again and very little, 
if any, fresh fumes were formed. After 
two hours more, the precipitate had al- 
most entirely settled; twelve hours later 
the air of the glass case was quite clear 
and its appearance was the same as it 
was before the beginning of the experi- 
ment, except that the base plate and the 
upper surface ot objects lying on it were 
covered with a thick layer of the white 
deposit already described. Some of the 
deposit was given to Mr. Heap for an- 
alysis, and he found that it differed from 
the white deposit formed in the presence 
of air and water alone in that it con- 
tained a definite proportion of nitrogen. 

At the end of this experiment some 
arsenic trichloride remained in the cap- 
sule and was still capable of emitting 
fumes. It seemed, therefore, that a state 
of combination equilibrium had _ been 
brought about somewhere about the 
mouth of the vessel containing’ arsenic 
trichloride. Outside this area the air 
was saturated with ammonia. This view 
was confirmed by the following experi- 
ments: 

‘wo small cups containing respective- 
ly 0.5 ¢.c. of dilute liquor ammoniae and 
0.5 ec. of arsenie trichloride were intro- 
duced simultaneously into the lower part 
of an hermetically sealed jar (24 em. in 
diameter and 48 cm. in height). After a 


few minutes the fumes began to rise 


above the cup of arsenic trichloride and 
phenomena similar to those previously 
described were observed. The eup of 
ammonia was removed when the whole 
jar was full of dense white fumes. These 
had entirely settled three hours later. 
the bottom plate and test plates being 
covered with a thick white deposit. The 
air of the jar was saturated with invisi- 
ble arsenic trichloride vapors. The cup 
of arsenic trichloride was then removed 
and the cup of ammonia returned to its 
original position. Dense fumes began 
to rise at once over this cup and after 
thirteen minutes the whole jar was filled 
with dense white fumes, which settled 
down within three hours, leaving the air 
of the jar quite clear. The jar was now 
saturated with invisible ammonia va- 
pors. This experiment was repeated sey- 
eral times with the same results. Ulti- 
mately the arsenic trichloride cup was 
closed by a thin solid diaphragm (Fig. 
6) fixed to the lips of the cup and sus- 
pended at a height of 1 to 2 em. above 
the level of the fluid arsenic trichloride. 
This diaphragm was much convoluted 
and its shape indicated the intermittence 
and variations in the intensity of the 
combination. It had obviously been 
formed in the plane where the gaseous 
ammonia and arsenic trichloride had met 
in suitable combining proportions. be- 
neath this diaphragm the air was satt- 


+ 
le lt 


rated with arsenic trichloride; outsi 
there was an excess of ammonia. 

Moist air containing ammonia was 
used in these last experiments for tlie 
purpose of studying the behavior 0°! 
arsenic trichloride vapors more clos 
than was possible when air containing 
only water vapor came into contact | 
arsenic trichloride. The object otf 
study was to find some means of brils 
ing arsenic trichloride fumes unde! 
trol. 














When a current of dry air is caused 
to pass over the surface of arsenic tri- 
chloride, evaporation of the fluid takes 
place rapidly without alteration in the 
appearance of the fluid. When the air 
‘s moist, the arsenic trichloride becomes 
rapidly turbid, and after a time a thin 
laver of clean watery fluid forms on its 


surtace. 





tc. 6—Solid diaphragm formed in plane of 
saturation between ammonia and arsenic tri- 
iloride vapors. (Normal size.) 


‘he cup is filled with arsenic trichloride vapors 
cenerated by a few drops of arsenic trichloride 
he bottom of it; the air outside the cup is sat- 

d with ammonia. 


' 
When a current of air laden with 
arsenic trichloride is admitted to a 
chamber, such as the 215,000 e.c. chamber 
used in the animal experiments, a cloud 
is produced near the inlet. This cloud is 
est at some distance from the inlet 
xtends in the direction of the out- 
\s it extends, it first rises to the 
part and then gradually falls 


i the outlet part of the chamber. 
' at the sides of the inlet remains 





ily clear, or almost clear. The 
ot the fumes is, therefore, great- 
ie middle and outlet parts of the 
r than in the inlet part, except 
inlet in the path taken by the 



































DELEPINE—EFFECTS OF ARSENIC TRICHLORIDE 415 


fumes. Test plates placed in various 
parts of the chamber show deposits of 
various density which indicate the same 
irregularity of distribution. These ob- 
servations explain why animals placed 
in different parts of the chamber are un- 
equally affected by the fumes (see Ex- 
periments 11, 12, 13, and 14). 

These facts show that arsenic tri- 
chloride is very diffusible and enters 
readily into various combinations when 
it comes into contact with air containing 
moisture. ‘The resulting oxychloride is 
precipitated in the form of fine, snow- 
like floeceuli which are initially so lght 
that the heat generated at the time of 
combination is sufficient to induce air 
currents which carry the precipitate to 
a considerable height, from which it 
afterwards falls as a kind of snow and 
covers the upper surface of all the ob- 
jects exposed to it. 

A considerable part of the evaporated 
arsenic trichloride is disposed of in this 
way; many of the outlying and appar- 
ently heavier particles do not rise with 
the main stream, however, but fall more 
or less rapidly to the ground over which 
they spread gradually. In addition to 
these visible particles, there is evidence 
of the presence of invisible vapors of 
arsenic trichloride when the air is un- 
saturated with water. 

It is obvious that where the amount 
of air is unlimited there is enough mois- 
ture in it to convert the invisible vapors 
of arsenic trichloride into visible fumes 
which are not very distinct when the air 
is nearly dry, but which are very con- 
spicuous when the air is saturated with 
water. In very dry localities, however, 
arsenic trichloride might diffuse indefi- 
nitely without any visible trace of its 
} resence } e] ne not Ice 1. CXCC] yt at pl aces 
where it came into contact with damp or 
wet surfaces (such as the mucous mem- 
branes of men or animals), or with 
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moist air, such as expired air. 

It is clear that the precipitate of oxy- 
chloride and allied products which form 
in the air have a great tendency to cling 
to the surface of solid objects with which 
they come in contact. This is one of 
the reasons why the hair of persons 
working in arsenic trichloride plants 
becomes so rapidly laden with arsenic. 
Arsenic trichloride is also rapidly ab- 
sorbed by animal tissues. 

Detection of Arsenic Trichloride or De- 
rivatives in the Air of Places Where 
Arsenic Trichloride Is Prepared or 
Handled 


A previous investigation? had shown 
that the hair of persons and the leaves 
of plants exposed to arsenical fumes, 
such as may be generated during the 
combustion of coal and coke, become 
loaded with arsenical deposits which can 
be detected by a suitable method such 


as the hydrochloric-copper method al-. 


ready described. The hair of persons 
working in arsenic trichloride plants 
might, therefore, be expected to give an 
indication of the extent of their ex- 
posure. It appeared desirable to ex- 
amine the urine also in order to ascer- 
tain whether arsenic was absorbed by 
the lungs, skin and mucous membranes, 
and excreted by the kidneys. 

The results recorded in Table 5 leave 
no doubt as to the serious extent to 
which persons working in, or in connec- 
tion with, arsenic trichloride plants are 
exposed. ‘ew of the cases investigated 
show clear evidence of arsenicism, and 
where such a state was indicated the 
symptoms were generally slight. The 
amount of arsenic found in the hair 
bore a distinet relation to the amount of 
exposure. ‘The examination of the hair, 


*7Arsenic in Modern Life. Jour. Roy. San. Inst., 
1902, 23, 244. 


therefore, supplies valuable informa. 
tion. 


Visit to Factory.— The plant in. 
spected consisted of six retorts wt), 
condensers housed in a shed open on all 
sides. The openings through which the 
retorts were fed were situated on a long 
upper platform. Four of the retorts 
were of an old type, the other two wer 
of a new type and there was room on 
the platform for two more of these new 
type retorts. Contiguous and parallel 
to this upper platform, but at a lower 
level, there was another platform on 
which arsenie trioxide and chloride of 
sodium were kept ready for mixing. 
The retorts and furnaces were situated 
immediately below the upper platform 
and from the bottom of each retort there 
was a conduit taking the residue from 
the retorts to trucks. On the other side 
of the retorts, raised slightly above the 
eround, there was a large tank used for 
storing arsenic trichloride, and close to 
this tank there were rows of iron drums 
filled with arsenic trichloride ready for 
shipping. 

The most strikine difference 
the old and the new retorts was in thie 
connection with the condensers. [rom 
the old retorts the products of distilla 
tion rose first through a tall vertical 
pipe, and were then directed by a hor! 
zontal pipe to a lead coil cooled 
water contained in a large tank situated 
at the side of the upper platform. 11 
condensers connected with tn 
torts were situated on the upper 
form, above the retort, and the 
bringing the volatile products t 
lead coil was entirely surrounde 
the condenser. As the products of «> 
tillation issued from the condenser ‘!° 
passed through a_ small sepa! 
chamber from which arsenic trich 
and hydrochloric acid issued by 
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rate pipes. ‘The hydrochloric acid was 
conveyed away by a drain, and the 
arsenic trichloride was carried down a 
pipe to a collecting pipe which emptied 
into a large tank. A tap near the bot- 
tom of this tank was used to fill the iron 
barrels. 

The salt and the arsenic trioxide were 
mixed by men on the mixing platform 
just before being shovelled into the re- 
torts. The hd of the charging hole of 
the retort was unsealed just before this 
operation, and the fumes from the re- 
tort and the dust from the chemicals 
were carried down into the retorts by 
an induced downward draft. To pro- 
tect themselves against dust, the men 
wore handkerchiefs over the mouth 
and nose. Gas helmets were also avail- 
able. 

At the time of this visit, three of the 
retorts were working—one of the old 
tvpe (retort +) and the two new type 
retorts (0 and 6). from these three 
retorts a considerable amount of irri- 
tating fumes eseaped at various places. 
This was most noticeable in the neigh- 
borhood of the pipe rising’ from re- 
tort 4. It appeared also that: escape 
was taking place through the sulphuric 
acid seals guarding a lateral valve and, 
in all probability, some escaped also 
from the drain carrying away the 
waste hydrochloric acid. A strong odor 
was also noticeable in the neighborhood 
of the storing tank, and more particu- 
larly near the outlet tap. Although 
there was a fairly strong wind at the 
time of the visit, a very distinct odor, 
which resembled that of hydrochloric 
acid but differed materially from it, was 
noticeable in every part of the installa- 
tion. This odor was strongest on the 
upper platform near the retorts, par- 
ticularly near the old retort. 

Three pairs oft test plates were ex- 


posed as follows: two plates at 
level of the ground at a distance of 
about 2 feet from one side of the verti. 
‘al pipe going to the condenser from re. 
tort 4, and about 3 feet away from ihe 
charging hole of the retort; two plates 
in a corresponding position near retort 
0, but at a height of 19 inches; and two 
plates near retort 6, in a similar posi- 
tion, but at a height of 9 inches. 

These plates were left from 2 p, y, 
on December 19, 1917, until the same 
hour on December 20. They were then 
replaced by three similar sets of plates 
which were left exposed in the same way 
for 24 hours and taken up on December 
21. During each of the exposures the 
retorts were charged once. At the end of 
the exposure, each pair of plates was 
earetully packed and forwarded to the 
laboratory. 

On arrival at the laboratory these 





plates presented a very striking 
pearance. The two sets of plates which 
had been exposed near retort 4 were 
thickly enerusted with a sulphur- 
yellow, saline-looking deposit, which 
could be scraped off with difficulty. 
When water was added the yellow colo 
diminished or disappeared for a short 
time, and then gradually reappeared 
On the addition of potash the color 
deepened and became brownish, and 
after an interval a brownish-red pre- 
cipitate separated. (The color was ap- 
parently due to the presence of s0 
iron chloride. ) 

The deposit on the plates expose 
near retort 6 was much less abunda 
than that on the plates near retor 
and was not so yellow. The plates ! 
retort 5 also had a very distinct d 
but this was much less abundant 
that on the plates exposed near ! 
6. All these deposits were dissolv 
a dilute potash solution and the an 








arsenic was estimated both by the 
line method and the hydrochloric- 
pper method with the results shown 
Table 6. 

‘he differences between the results 
tained are puzzling, and are probably 
.e to the fact that it was found difficult 


\PBLE 6.—TOTAL ARSENIC (AS ARSENIC 
PRIOXIDE) DEPOSITED ON PLATES 158 
iM. IN DIAMETER 


A. Estimated by Iodine Method 











Twenty- Twenty- 

Four-Hour | Four-Hour 

Position of Plates Exposure, Exposure, 

Dec. 19-20 | Dec, 20-21 

mmg. mm. 

Near retort 4, at level of floor 341,000 39.600 
Near retort 5, 19 inches high 6.930 4.950 
Near retort 6, 9 inches high 5,940 17,820 





Estimated by Hydrochloric-Copper Method 





retort 4, at level of floor 200.000 180,000 
ear retort 5, 19 inches high S300 4,000 
Near retort 6, 9 inches high 16,000 50,000 











obtain clear solutions. Filtration 
was obviously contraindicated. It is 
probable also that something interfered 
ith the action of the iodine. The so- 
lutions were thoroughly shaken to 
equalize the distribution of any undis- 
solved parts, but this obviously was in- 
sufficient. Two points are clear, how- 
ever—namely, that a material amount of 
arsenic could be obtained from the air 
in the neighborhood of each of the re- 
rts, and that the air near the old re- 
was laden to a much greater extent 
that near the new retorts. 





ECTION OF WoRKMEN AGAINST AR- 
SENIC ‘T’RIGHLORIDE FUMES 


Vhen about 1 om. of arsenic tri- 
de, with a surface of approxi- 

(/ em. square, is allowed to evap- 

in 20.000 e.c. of still, moderati lv 


air, about 0.18 om. of the fluid is 
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volatilized during tha first hour, and 
0.4 em. during the following twelve 
hours. Broadly speaking, about half of 
the arsenic trichloride is volatilized 
during the first twelve hours. 

If the precipitate which forms in the 
air charged with this vapor is collected 
on test plates, the distribution of the 
fumes can be ascertained. In one ex- 
periment 0.25 ¢.c. of arsenic trichloride 
was allowed to evaporate in the com- 
paratively dry still air of the 215,000 
e.c. chamber. ‘The fluid was placed at a 
height of 20 em. above the floor of the 
chamber. One test plate was placed at 
a height of 20 em. vertically above, and 
another 20 em. below the arsenic tr 
chloride. <A third plate was placed at a 
distance of 50 em. from plate 1 and at 
the same level; plate 4 was placed at the 
same distance from plate 2 and at the 
same level. At the end of six and three- 
quarters hours all the test plates were 
removed. The appearance of these 
plates and the amount of arsenic re- 
covered from each of them are indicated 
in Table 7. 

After the four test plates had been 
removed, a fifth test plate was fixed in 
the chamber in the same position as that 
occupied previously by plate 1. The 
chamber was closed again, and opened 
only after an interval of four days. At 
the end of that time there had formed 
on the plate a thin erystalline deposit 
which also contained arsenic. ‘The 
amount and distribution of the deposit 
is very much affected by driving air 
laden with arsenic trichloride through 
suitable channels, as is shown by the fol- 
lowing experiments for which the cham- 
ber used in the previous experiment 
was employed. 

The fumes were carried into the 
chamber by a current of air which had 


been passed over arsenic trichloride. 
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This current was admitted at one end of 
the chamber by a tube having a sectional 
area of about 1 em. square. An equal 
amount of air was removed from the 
other end of the chamber by a tube of 
the same diameter. ‘Test plates were 
placed: (1) about 10 em. below the in- 
let pipe; and (2) about 30 em. vertically 
above the inlet pipe. After 10,600 c.e. 


TABLE 7.—RESULT OF EXPOSURE OF PLATES 





the end of sixty-five minutes the deposit 
on plates 1 and 2 was very scanty. A 
small number of crystalline particles 
were deposited on plate 1, and a still 
smaller number on plate 2. The amount 
of arsenic recovered from plate 2 was 
198 mme.—i.e., about one-third of the 
amount which had been recovered from 
the plate in the same position in the first 





IN ATMOSPHERE CHARGED WITH ARSENK| 


TRICHLORIDE FUMES 








Arseni 
Plate No Position ~ eee to | 7 \ppearance of Deposit —— \rscnic r, 
Arsenic Trichlorid By Reflected Light By Transmitted Light under Microscope ba p 

l 20 em, vertically above opaque white, dense semi-crystalline granules, very abun- 6,400 

dant and large 
r | 20 em. vertically below gravish white, less semi-erystalline granules, less abun- 3,200 
dense dant than on plate 1 
“em. above and 50 em. whitish gray smaller and less abundant than on 2.400) 
to one side plate 2 
20 em. below and 50 em. Whitish gray same as plate 3 2 4) 


fo one side 











of air had passed through the chamber 
in the course of sixty-five minutes, it 
was found that 0.42 em. of arsenic tri- 
chloride had been taken up by the 10,600 
e.ec. of air. Both test plates were COyV- 
ered with a dense white deposit, partieu- 
larly plate 1. The amount of arsenic 
recovered from plate 2 was 544 mmg. 
The inlet pipe which was turned up- 
ward was now partly covered with a 
ventilating hood formed by a glass 
eyvlinder 5 em. in diameter connected by 
four tubes with the outlet tube, so that 
the air charged with arsenie trichloride 
was thrown into the hood-like cylinder 
instead of beine admitted freely into the 
chamber. In every other respect the 
experiment was conducted exactly in 
the same Wav as the previous Ole le, 
10,600 e.c. of air charged with arsenie 
trichloride were carried into the eham- 
ber and an equal amount withdrawn 
through the four ventilating tubes. At 





experiment. This experiment was re 
peated with a current of air dried over 
sulphurie acid, with a similar result. 

A eonsiderable amount of fumes had, 
therefore, been removed by the ventila- 
ting tube, but as the cylinder which 
served as a hood was freely open at the 
bottom, some heavier parts of the fumes 
had not been carried away. ‘The 
velocity of the air passing through the 
ventilating hood was only about 25 em. 
per minute. 

These preliminary experiments 
showed that, in order to prevent 
passage of arsenic trichloride into the 
alr, a ventilating’ hood open atl the 
tom, though useful, was not suffic! 
The tendency which the greater par 
the fumes have to rise even when he!pe 
by an ascending draft of mod 
velocity is not sufficient to prevent 


contamination of the air by the f 


which have a tendency to take a d 








































ard direction. Although it seemed 
osrobable that this difficulty could be 
vercome by having resort to a draft of 
reater velocity, it appeared desirable 
‘9 devise a less expensive method. 

With this object, the apparatus shown 
» Figure 7 B was constructed. This 
onsisted of a bell jar 22,000 e.c. in ca- 
pacity, in which was suspended a glass 






































hic. TA—Bell jar arranged for studying pro- 
tion and removal of arsenic trichloride fumes. 
Scale 1 to 15.) 


base glass plates. One of plates has only one 
entral hole 2; the other plate has two holes. 
(In diagram A the three holes have been repre- 
| dinerammatically as in one plate.) 2=cen 
| opening closed by cork holding small cup 5 
ntaining arsenic trichloride. This may be re- 
laced after a short time by a similar cork with 
1 small cup containing water, ammonia, or other 
Chncals. 5’ and 5”’=two eups used in experi 
| ‘fs in which arsenic trichloride and some other 
products were exposed simultaneously. A, B, and 
(‘=test plates. 


b. Arrangement adopted in ventilation experi- 
ents. G=capsule containing arsenic trichloride 
esting on bottom of outer eylinder. 7=inner 

nder acting as ventilating hood. S—outlet tube 
onnected with aspirating flask 


inder, 7, servine as ventilating hood 
en at its lower end and connected 
its upper end with an outlet or 
tilating tube. The vessel contain- 
arsenic trichloride, 6, was placed at 
mouth of this ventilating hood in the 
‘tom of a eylindrical vessel of larger 
meter than cylinder 7; the lower end 
‘his external vessel was closed and its 
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sides rose about halfway up the ven- 
tilating hood which was, therefore, sur- 
rounded by an outer cylinder, the mouth 
of which was directed upward, so that 
when a current of air passed from the 
large chamber to the outlet tubes it was 
foreed first to tlow downward toward 
the mouth of the 

through the hood itself. 


hood ascending 

The following experiment was made 
with this apparatus: 

After about 1.5 em. of arsenic tri- 
chloride had been dropped into capsule 
6 through tube 8, the tube was connected 
immediately with an aspirator and air 
was made to pass through the system 


at the rate of 500 ¢.c. per minute. Some 
ammonia was then introduced through 


opening 2 in the bell jar. 


Almost im- 
mediately dense white fumes were ob- 
served in the hood (cylinder 7) and in 
the outlet tube, as well as in the lower 
part of the outer cylinder guarding the 
mouth of the hood. The air of the jar 
remained quite clear, and the test plates 
A and B remaimed bright and apparent- 
ly free from deposit. 

When the jar was opened at the end 
of twenty minutes the test plates ex- 
amined under the microscope appeared 
to be free from deposit, but a distinet 
trace of arsenic was detected on chemieal 
analysis of the washings of the plates. 

Kresh test 
duced under the bell jar, and the ven- 


plates were then intro- 


tilating’ disconnected 


from the aspirator, and the chamber left 


apparatus Was 


unventilated for twenty minutes. At 
the end of this time the test plates were 
found to be covered with a scanty white 
deposit and their washings contained 
178 mme. of arsenic (as arsenic tri- 
oxide). 

As these results were not quite satis- 
factory, it appeared desirable to take 


advantage of the action which water, 


¥ “= 


a 


— 


eer 





ee ry 


Tey ea ae 





SE EE UE Ee 








a 




















Oe a il a 
ws 
we 


ve —"  p repemeenangebies SIE OE ft 
ap al : oe oe Ae 


a eee 


ae » = ee * 

od age oy 
he ce ae, 
. co 7 oe ea ee 2 





ee ee ee 





pa 2 
os 


ret, 
itso 


i ae ee 


oP 


Be ot 


as | 


ae 


wr 
eee at 


ee eee ee es 


eee em 


ee 





42? THE JOURNAL OF INDUSTRIAL HYGIENE 


or water vapor, has upon arsenic tri- 
chloride. In order to do this the bottom 
of the outer cylinder was covered with a 
thin layer of water over which the air 
admitted to the hood 7 was forced to 
pass. The ventilating tube outlet 8 was 
then connected with a water pump, and 
the amount of air passing through the 
chamber and the hood measured by 
means of a gas-meter. As in the pre- 
vious experiments, test plates were 
placed below and at the side of the hood 
covering the arsenic trichloride. The ex- 
periment lasted three hours and four- 
teen minutes, during which time 244,000 
e.c. of air passed through the ventilat- 
ing apparatus, or on an average 1,200 
e.c. per minute. The area of the space 
between the inner and outer cylinders 
being 7.8 em. square, the velocity of the 
air entering the hood was about 160 
em. per minute. The temperature of 
the air was 16°C. The amount of 
arsenic trichloride evaporated was about 
0.4 om. At the end of the experiment 
the test plates were quite clear and their 
washings contained no_ appreciable 
amount of arsenic. 

For control purposes test plates were 
exposed in the same chamber, after the 
hood had been lifted several inches 
above the arsenic trichloride, and after 
the lower eyvlinder with the thin layer 
of water at the bottom had been re- 
moved from under the arsenic tri- 
chloride and placed at some distance 
from it. After these alterations a cur- 
rent of air was made to pass through 
the chamber for two hours at the same 
rate as before. (This was discontinued 
during the third hour.) After three 
hours’ exposure in the chamber there 
was a distinct deposit on the plates, the 
washings of which yielded 360 mmg. of 
arsenic. 

This last experiment shows how 


arsenic trichloride fumes can be pre. 
vented from contaminating the air 
around retorts, conduits, tanks, ete. 
At the same time, special ventilatiy. 
arrangements are needed to remove 
fumes which arise when arsenic tri- 
chloride is necessarily exposed to the air 
in the filling of drums or the sampling 
of their contents. Air containing fumes 
so removed could be purified by a fine 
water spray before being discharged in 
the atmosphere. All persons employed 
on this work should wear some imper- 
vious general clothing, and only experi- 
ence can show whether they should not 
also wear suitable gas masks. 


Some Errects or Persona ACCIDENTAL 
Exposure to ARSENIC T'RICHLORIDE 


The experimenters sustained acci- 
dental local and general exposure in the 
laboratory and when visiting the works 
in the course of this inquiry. On two 
occasions small necrotic lesions of the 
epidermis were experienced, which re- 
sembled those obtained experimentally 
with animals. 

Exposure to fumes was followed by 
pharyngeal and laryngeal irritation, 
headache, giddiness, nausea alternating 
with feelings of excessive hunger (gas- 
trie irritation), abdominal discomfort. 
pains in the thighs, legs and feet, and 
edema of the feet. At the same time 
the urine, which normally contained as 
a maximum 5 mmg. of arsenic trioxide 
per 100 c.c., was found to contain 2 
mmeg. 

These personal experiences ©¢ 
firmed the results of the experiments 
and assisted in their interpretation. 


Y). 


SuMMARY 


A worker employed in the manuiac 























‘nye of arsenic trichloride, upon whose 
ion this chemical was spilled, died of 
acute arsenicism; and others so em- 
yloved were found to be exposed to risk 
of poisoning. 

The hydrochloric-copper and _ the 
‘iodine volumetric methods of estimat- 
ine the presence of arsenic, which were 
used in this inquiry, are described. 
Arsenie was found in the hair and urine 
of persons and animals exposed to 
arsenic trichloride fumes. 

[nunction and inhalation experiments 
on animals are described. In _ both 
series of experiments death due to ar- 
senical poisoning followed. 
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Water vapor was found to decompose 
arsenic trichloride, forming a light pre- 
cipitate of oxychloride. 

The air of places where arsenic tri- 
chloride was prepared or handled was 
found to contain arsenic compounds, 
and arsenic was found in the hair and 
urine of men employed. 

Risk of poisoning can be avoided by 
providing with a water seal all places 
from which arsenic trichloride can 
possibly escape. 

The experimenters themselves expe- 
rienced local and general symptoms of 
poisoning during the inquiry. 
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TUBERCULOSIS AND THE COMMUNITY. By John B. 
Hawes, 2d, M.D., Director, Clinic for Pulmonary 
Diseases, and Assistant Visiting Physician, Mas- 
sachusetts General Hospital; Instructor, Graduate 
School of Medicine, Harvard University; Con- 
sultant in Diseases of the Lungs, New England 
District U. S. Veterans’ Bureau; President, Boston 
Tuberculosis Association; Member, National Tu- 
berculosis Association, Massachusetts Tuberculosis 
League, ete. Cloth. Pp. 168 with preface and 
index. Philadelphia and New York: Lea & Febi- 


er, 1922. 


This monograph deals with the problem 
tuberculosis as it affeets the whole com- 
munity, rather than with tubereulous disease 
the individual. It is written in a clear, 
uple, forceful style and in language readily 
telligible to the layman interested in tuber- 
OSIS as a social problem. The brevity of 
monograph, its clear presentation of sci- 
ic facets, and its readable character make 
useful book for teachers of hygiene to 
umend to their students. 


? 


ipters are devoted to the frequency, the 
mission. and the eost of tuberculosis: 





Care of consumptives ; to tuberculosis 
te relation to schools and schoolehildren 

rculosis and housing; to tuberculosis 
occupations: to the eareless and ineor- 

consumptive; to the tuberculosis pro- 
‘or small cities and towns; and to the 

needs of the tubereulosis campalgns, 
‘herine R. Drinks r 


’UBLIC RELIEF OF SICKNESS. By Gerald Morgan. 
Cloth. Vp. 195 with index. New York: The 
Macmillan Company, 1922. 


This book is perhaps not intended for the 
general public nor even for the medical pro- 
fession as a whole; but rather for thinking 
citizens of all classes who can believe that 
it is possible by legislative measures to abol- 
ish the } overty arising from disabling illness, 
and to provide adequate medical care. It is 
simply and thoughtfully written, and lueid 
in outline and development. 

The author’s thesis is that heretofore legis- 
lation has been more or less unsuccessful, 
because of the attempts to cover cash benefits 
and medical treatment by a single legislative 
proposal. He begins with a discussion of the 
complex relation between sickness and pov- 
erty, and, quoting conservatively from the 
Report of the Health Insurance Commission 
of the State of Illinois, shows that roughly 
25 per cent. of social degradation is due to 
illness among the workers whose income 1s 
on the edge of the deficiency limits. In the 
next chapter he considers the opportunity 
for satisfactory medical treatment available 
to the person of moderate means, and he finds 
that it is very rare except in the large cen- 
ters. Only in the pay eclinies with paid per- 
sonnel is it satisfactory with regard to the 
specialties and to self-respecting relations 
between patient and physician. The amount 
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of insurance against illness in this country 
is insufficient and limited to fraternal orders, 
to workmen’s societies of unions or foreign 
groups, or to establishment (factory) funds. 
It is rarely carried with commercial carrier. 

The author shows how solution of the prob- 
lem has been attempted: first, in Denmark 
by state encouragement and subsidy of vol 
untary associations which now inelude 30 per 
cent. of the population. In an endeavor to ex- 
tend this serviee, however, the dues have been 
made so low as to allow only meager sick 
benefit payments and limited medical service. 
[In Germany the compulsory insurance is ad- 
ministered by loeal funds paid partly by the 
employer and partly by the employee, but 
in poorer communities where wages are low 
medical service and benefit payments are 
small. There have been many _ doctors’ 
strikes. The benefits paid are half the week 
ly wage; and for the poor this is inadequate. 
There is no medical service to the families 
of the insured. 

The English system is a compromise be 
tween older workmen’s societies, Poor Laws 
of Relief, government, and medical interest. 
It is administered by two forms of organiza 
tion; the first cares for the cash benefits, the 
other for medical treatment. The expense 
is shared by workman, employer, and govy- 
ernment. Cash benefits are the same for all 
men but for women they are somewhat lower. 
Medieal benefits are provided without cost 
to the worker. The panel doctor is paid per 


capita, and hasty work is encouraged. No 


allowance is made for special examination 
or treatment. 

In the author’s opinion all the above at- 
tempts fail by trying to inelude cash relief 
and medical aid in a single legislative meas. 
ure. It is possible to ealeulate the amount 
of cash required for benefits in a large group 
by means of life insurance actuarial tables. 
but the eost of sickness. with constantly 
ehanging medical technic, cannot be ealey- 
lated. 

In New York, legislation was proposed 
which would provide eash and medieal care 
to all, except agricultural and domestic 
workers. This was based on a maximum 
wage of $12, which is very low; but it less- 
ened the burden of the low wage earner by 
throwing the full cost of insurance on the 
employer who paid less than $5 per week. 
The system was to be administered by Asso- 
clations (Funds) composed of and managed 
by employers and their employees, under 
state supervision. Medical care was inelud- 
ed. It is the author’s opinion that by elim- 
inating the medical benefits altogether, cash 
benefits could be raised to an _ adequate 
amount without extra expense—the cost to 
be about 1 1/3 per cent. of total wages. 

Medieal care should, then, be provided by 
health centers with paid staff and workers. 
Where localities are unable to finance these 
themselves, the state should aid them; but 
these centers would be the property of the 
community and would furnish scientifie med 
eal care to all classes of taxpayers at a rea- 
sonable price.—J. W. S. Brady. 








